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RECENT ADVANCES IN UNDERSTANDING PERFORMANCE IN NOISE.

Broadbent, D.E.

Department of Experimental Psychology, University of Oxford, England.

This five-year interval has brought a number of useful advances, and

a review at this time can be more cheerful than was proper for those at th-

two earlier conferences. (Gulian 1973; Loeb 1980).

The plan of this paper will therefore be to state four areas in whi-h

there has been an advance, each with an illustration of one study thait

makes the point. We will then go into each area in detail, and finally

point to some issues for the future.

THE AREAS OF DEVELOPMENT

(i) Arousal and the General State of the Person. As a key instance

in this area, we may take the study of Loeb, iolding, and Baker (1982), in

which they examined the speed of self-paced mental arithmetic in 95 dBA

noise, either in the morning or in the afternoon. In male subjects, the

speed of work was reduced in noise in the morning, and if anything in-reas-

ed in the afternoon. The importance of this finding is this. The time of

day at which an experiment is performed is known to be related to the

general state of the nervous system. Further, the discrepancy in the

effects of noise at the two times cannot h due to alterations of t isk
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difficulty, salience of one part tf III t ';k s1i -I, ii4t .k~ I!,r]

and other factors which W&c hinm;' If p~K in.~. Lis n.~;r view I, A, ,o;'

discrepancies between experimts. 0

(2) Dicvr fEfcsi o o .toI o tis The i

Loeb et al used a level of nrise rxdh hoop t I thu. ;is'ts'i: "r W!t 1t.

levels, and indeed sufficient ly h 5, toh1. a, tnn byi m;odern st in-

dards of heari ng protect ion, for nrpial 1 x) lout t h routi; ut t ho w'- kino

day. Until five or six yearso, tm no hulk of exptrvtnts shWi Q dttri -

mental effects on per formance usod t'r~usly hiq tiloct 1, and is airnu

rule Broadbent ( 1d7') suqgest ed t hot a1 leivel t 1'f BA c-,uld be rousat. hi

as the point at which concern sihoul i- e felt for icoss il:] e effects of nIs

other than the transient effect of onset of a fres sounld. If so, MsI

of the people who comp lai n of noise in t hoeir offic's ani homes woul Wi Lv

to be told that the noise wais too f-iitt to W' ipiin; thii effs.'tt'st".

In the last few years however more sensitivec tests have been devised, lin

it is now common to show offec; s it liior even 1,0 .BA. This ITr-it Iy

increases the pract ical imp~ortino of the topic when ofiice workits

complain that they connOt write 11eniralt , l 'lit 0,iliot thei,, tim iso,

noisy room we have to allow fei'the'ossibi lity Witt they may he Kaht

As the illustrative exaitr)It, let us t Mke a Atd not yet ful ly ru-

ported, by Jones (1l0d ) . for a to'isoti th it will appear ii in's tmid"t

of aserial reaction tosk veiry 'im I ir toot thoWt loomed Kitm, in l,.'o

review, beot ist it his .fier; shown etfiect'-o it W, AB or shove. 1I td Ice

tried it '0 anlt blow wit lint Wl~win tI-ffit o .t OnC"M ilow~wvrup Ii

silenlt keyho Ind with1 t', )i'rs tl I Itl let - 1- i 1110n tilt, 'llit C - rat hei

thn et(Itt pw it( :rp ;1 Wn- ii ment i 'tI'. t ea it ihe t ee ofnoi



90 dBC. Presumably the large hand movement of the original task meant

that the person could correct some errors before the hand had reached the

final part of its movement, and this method of minimising effects was re-

moved in Jones' version.

(3) The Impairment_ of Lang-age Funct i n. Th< experiment by Jonres

used manual choice reaction, which is not a task closely related to

language. That is the reason for choosing it as our example of the

new generation of more sensitive tests; because a very large number of

the new experiments use language, and it is fairly certain that some

functions specifically connected with language are affected by noise. It

is quite useful therefore to remember that there are sensitive tests that

do not appear to involve language.

Once we have established that point, however, we can turn to the

specific effects on language. Let us take, just as one example, a study

by Wilding and Mohindra (1980). They studied memory for visually pres-

ented letters of the alphabet, and in some conditions they found that mem-

ory was better in noise of 85 dBC. Some aspects of the experiment

suggested that the effect had something to do with the person's 'internal

speech'. People who are trying to remember something often report saying

it over and over internally. One can make this much harder by asking the

person to say something irrelevant (such as 'the, the, the') all the time

they are memorising. When Wilding and Mohindra did this, the advantage

for memory in noise disappeared. Even if people were allowed to talk to

themselves the advantage for noise only occurred when the letters were

letters such as CDGTP, whose names sound very similar when one says them

aloud. Letters such as HJRMZ, whose names sound different, did not show

better memory in noise. Both these results argue very strongly that,

although the experiment only involves visual letters and they are not

-21



spoken aloud, the person is internally saying them and that this is some-

how altered by the noise. At the time Wilding and Mohindra argued that

the results looked like an increase in the tendency to use internal speech

when noise is present; they have a more sophisticated theory now, and we

shall come back to that. For the moment, let us take the study as show-

ing specific effects on language.

(4) Dependence of Effects on the Strategy of the Person. At the

last conference, Loeb's review emphasised the fact that effects will

change if one changes small details of the task, the situation, or the sub-

ject population. These factors by themselves might be operating in a

purely mechanical way, if for instance noise always increased the strength

of the strongest reaction tendency or something of that sort. In recent

years however the evidence has piled up that the effects depend on the

strategy adopted by the person in doing the task, and can be altered with-

out any change in the task itself. The notion of 'strategy' may need

some explanation for non-psychologists; briefly, the same external task

can in most cases be carried out by different internal operations within

the person. Somebody remembering a list of words may say the words to

themselves and try to reproduce the actual order in which they came; or

they may group together words connected with the same topic, and forget

about the order. A particularly clear case is provided by two studies by

Smith and Broadbent (1982). They asked people to go through a list of

words, each naming a class, and each accompanied by a single letter. The

task was to produce a word belonging to the class and beginning with that

letter. This task is easy if the letter allows one to respond with a

familiar or dominant instance of the class; one can then simply run

through instances of the class until one comes to a word with the correct

initial letter. By suitable choice of a letter however the task can ex-



clude all words except an unlikely member of the class, and then this

strategy becomes less helpful. Other methods will then be more appro-

priate, such as going through the alphabet for possible letters that might

follow the presented letter, and checking to see if a possible word is

suggested. Two groups of subjects drawn from the same population, given

the same words and instructions by the same experimenter (and at the same

time of day!), each showed a significant effect of noise on this task, but

did so in opposite directions. One group did relatively better in noise

on the dominant instances of a class, and relatively worse on the non-

dominant instances. This is the familiar result of Eysenck (1975), which

has been replicated on a number of occasions (von Wright and Vauras 1980;

Millar 1979a). The second group of Smith and Broadbent (1982), however,

did relatively better in noise on the non-dominant instances and worse on

the dominant ones. The only differences we could see between the groups

was that the first had previously taken part in an experiment in which

they were asked to recall as many instances of a category as they could.

That is, they had been practiced in the strategy of moving through a

category from the dominant to the less dominant examples. Without that

experience, the noise effect was in the opposite direction.

This experiment, like many others, shows that the effect of noise

depends on the way the person is performing the task, the strategy. It

is not a uniform mechanical change which always impairs the same task in

the same way.

Let us now examine each of these areas of recent advance more closely.

AROUSAL AND THE GENERAL STATE OF THE PERSON

First, let us consider how ioise effects vary with the general level

of alertness or excitement of the person.

A number of previous investigators have of course suggested that



noise has its impact through changing the level of arousal, and that there

fore the noise will be harmful or helpful depending on the other factors

that are affecting arousal. The oldest idea is that a certain amount of

arousal is helpful, but that beyond a crucial level depending on the task

arousal can be excessive. Thus the notion was that bad effects of noise

might be cancelled out by factors that reduce arousal and increased by

factors that increase it. This kind of view has been supported by other

studies in recent years; Hartley et al (1977) have found partial cancel-

lation of effects of noise by chlorpromazine, though with some complica-

tions. Colquhoun and Edwards (1975) found similar cancellation with

alcohol. In the opposite direction, von Wright and Vauras (1980) have

in several experiments found that detrimental effects of noise are greater

in individuals who are higher on a questionnaire measure of neuroticism.

The same finding is independently reported by Dornic (1980), though in the

latter case the differences in performance could in some cases be masked

by differences in compensating effort exerted by the person.

If then one accepts that people with high neuroticism scores show

larger effects, it becomes very relevant that in two studies (Standing and

Stace 1980; Edsell 1976) it has been found that people exposed to noise

show a rise in a measure of 'state' anxiety, that is, of anxiety felt at

the moment rather than as a general rule. Investigators who believe in

a single dimension of arousal, with an optimal level, could therefore

argue that the neurotic people have a chronically high level of arousal,

that noise increases this further, and that therefore such people are

especially vulnerable to bad effects of noise.

Unfortunately, this simple view is wrong. A number of doubts about

it were expressed more than a decade ago (Broadbent 1971), and the study

by Loeb and colleagues (1982) makes them even more clear. Remember,
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noise was more harmful in the morning than the att r;o I.; to ause. too

simple theory one would have to argue that arousal w,y 1i ;h, I ill th,

morning. But, it is well established that ce-rtain il ic-,tcrs of 'Arousal

such as body temperature, are higher in the. atterno,,n rather th,ir the

morning. Further, a large array of tasks are btetteti performed in the-

afternoon than in the morning, their performance ftellowint the chat igq, in

body temperature. (Colquhoun 1971). Psycholo'ists wr kil't (, th.

effects of time of day have therefore: tende-d to arque- thait thereL is I pe,ak

of arousal in the late afternoon, not in the mornin. ,,, a th-ory j,,t-

ulating one dimension of arousal can explain th, results from expe'rimetn,

on time of day (by supposing highest arousal in the. afternonu or the,

results of Loeb et al on noise (by supposing highest rousal in tIh, m ,ri-

ing); but not both.

There are still further difficulties for the simple idea. Le-, et a1

(i982) found that adding women to their analysis eliminat,,d the cleir

result found with men; and in another study with a rather different tsk

they found that women give a reversed relationship. (Baker, Holding and

Loeb, in press). It is very difficult to see how one could explain a

decrement with noise in the morning for one se-x and in the afternoon for

the other, with a single concept of arousal.

If one turns for guidance to the psychologists investigat ing circad-

ian rhythm, one finds that they also have complicated their approach in

recent years. Studies of people living on abnormal schedules h,v been

able to distinguish some physiological variables that follow the cycle of

sleep and wakefulness, and others that follow an cndo tenous rhythm with a

period of roughly one day. There seems to be some evidence th.at 'e'rtai

psychological tests follow one of the rhythms and some follow hlie thr.

(Folkard and Monk 1980, 1982). In this field also th, most likely work-



ing hypothesis is that there are two mechanisms whose level of activity or

arousal can go up or down, not one. A similar conclusion comes from

studies of self-reported mood, using adjective check-lists (Mackay et al

1978). Some people are excited or alert, others tense or worried. Some

people may be relaxed or calm, others sluggish or depressed. There ire

two kinds of relatively high excitation and two kinds of low excitation.

Returning to experiments specifically on noise, we find that studies

comparing and combining noise and other stresses often fail to confirm the

idea of a single dimension of arousal. Bell (1978) found that effects of

95 dBA noise were similar whatever the level of environmental emperature.

Finkelman et al (1979) found that 90dB noise increased errors, but the

effect of noise was the same at different levels of physical exertion.

Yet the exertion increased heart rate, one plausible measure of arousal;

the noise, incidentally, did not affect the heart rate. A third recent

paper (Fowler and Wilding 1979) showed partial overlap between the effects

of noise and of financial incentive, but partial independence. The con-

clusions we have to draw from all these studies are, first, that the

effects of noise do depend upon the general state of the person. Second,

it is too simple to hold the notion of a single dimension of arousal which

has an optimum point at which performance will be best for a particular

task. The response of Broadbent (1971) to such difficulties was to arque

that there are at least two mechanisms involved; one corresponding to the

now traditional concept of arousal, and one to a monitoring or controllinq

system that attempts to compensate for departure of arousal from the opti-

mum level. If the second system is in good shape, the first does rot

affect performance much; when the second system is in bad condition, per-

formance is badly affcted by over-high or over-low arousal. I1 1971,

the best guess was that noise, sleeplessness, amphetamine, chlorproma7Ane,

v26
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affect one of these systems while time of day, alcohol, barbiturates, an,!

the personality, dimension of introversion affect the other. The experi-

mental work of the last decade is still consistent with this classifica-

tion, although one would probably wish to add caffeine to the factors in

the second list because of its interactions with introversion and tie of

day (Revelle et al 1980). Frankly, this theory has not been seriously

tested and is almost certainly wrong in detail. The main point is that a

theory of at least this degree of complexity is required.

IMPROVED SENSITIVITY OF TESTS

Given that one effect of noise is to change the general state of tne

person, we then have to ask what changes to recent tests of performance

have made them more sensitive, so that effects are now being found at lower

noise levels. As we have seen, Jones (1983) seems to have made his task

more sensitive by reducing the amount of spare time available to the

decision mechanisms; more typically, the sensitive tasks are ones that ask

the person to do two things at rnce, or in which there are two aspects to

the task that carry different weights. Often they involve memory, and

frequently some aspect of language. The most common effect is that one

measure of performance deteriorates in nioise and another Improves, or

at least is unaffected. Amongst studies we have alr ady consid .red, for

example, Bell (1978) , von Wright and Vatiras (I l) and Fowler ind Wil dino

(1979) used dual measures. Loeb (1)9O) quoted a nimher of ;iich tests

showing effects at higher levels, and cohen and tez.k (I 077) ,revijie a

further example.

As examples of the reality of effects well below ) dBA, let us talke

two areas; that of vigilance and that of semantic clustering in mem)ry.

Vigilance is the detection of occasional signals in a monitoring sit nat ir ;

the consensus of past years was that it. was unaffected or improv,, in



)idte t, level noie. But orIrlicr ;tiai ,;; s"' 9,; a't ion d'I chlne

in intensity of some standard visual signal, or curiip,ir,il I> stra iqiht forw.,r A

and almost psychophysical situations. It is also ,ossildo, 411d equally

comparable to real life tasks, to ask the person to scarch for som, signal

that is always changing, so that there is a strong memory comonelint ,nld

possibly a verbal component as well. For instance, the task ii ght be to

watch a series of single digits, and to report any sequence of three,

digits that are odd-even-odd. Thus in one context one digit may repre-

sent a signal and in a different context a different digit. With taisks

of this kind, deterioration can be found at 85 dB or even lower (Benignus

et al 1975; Jones, Smith and Broadbent 1979; Klotzbucher and Fichtel

1979).

A more direct memory experiment is to present a series of words for

recall. Although presented in random order, they may be words drawn; from

a small number of semantic categories; and if so, there is a tenduncy for

people to remember them grouped or clustered by those categories, rather

than in the actual order of arrival. This tendency is sometimes reduced

in noise of 85 dB or even less (Daee and Wilding 1977; Smith, Jones

and Broadbent 1981). The total number of words recalled, on the other

hand, may be no fewer than it is in quiet.

A memory task involving two measures is to present a series of words

and to ask later for recall of their order, or of the spatial lcc<tion

where they appeared. Usually, order recall improves in noise and memory

for place gets worse. (Dace and Wilding 1977; Smith 1182) . This is; not

a constant effect of noise improving order however; Niemi, von Wriqht , .1a3d

Kowunen (1977) had difficulty replicating the effect, and Smith (1lli)

showed that order of recall only improved in noise early in iii experimental

session. Later, it deteriorated. The key point is that both Smith

.. ... . . ..28
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(1982) and Daee and Wilding (1977) got the effect cnly when people were

instructed to give priority to remembering order; if place had priority,

there was no improvement in noise for order. The main task tends to im-

prove and the minor one to deteriorate. Thus, certain tests do seem to

be especially sensitive to moderate levels of noise, and on the whole they

are tests with primary and secondary parts, where the primary involves

memory for order, and the secondary is less obvious or more subtle. In

such a test, there is a good chance that the secondary task will deterio-

rate in noise even at only 80 or 85 dBA.

EFFECTS SPECIFIC TO LANGUAGE

This is the point to take up the special effects of noise on language

functions, which have been increasingly understood over the past five

years. There are two groups of effects that are worth considering

separately. The origins of this interest are described by Loeb (1980);

since then, progress has been rapid.

(a) Effects of Irrelevant Speech Sounds. Anybody who has glanced

through the literature of cognitive psychology will be familiar with the

Stroop test. The original effect was that a person trying to name the

colour of the ink in which a word is printed is very much disturbed if the

word itself is the name of a colour. In recent years however similar

effects have been shown in tasks other than colour naming (e.g., Eriksen

and Eriksen 1974) and even when one stimulus is visual and the other

auditory (Navon 1977). One can generalise by saying that a person tryinq

to choose between two actions or percepts is likely to find it more

difficult when some irrelevant stimulus arrives that is associated with

the wrong action or percept. For instance, if you watch a screen and

try to press an appropriate reaction key when an A or a B appears on the

screen, then your reaction to an A will be slowed down by the appearance

. . .. .. .. .- _ _.2 - T _: _ -_: L .r . . .-... . -_ .. . & -o -- ' - ' - L= -5



of a B in the wrong part of the screen. A letter which is not A or B

will have little effect, and this is perhaps why the possible impact of

the phenomeinon in the case of noise has escaped notice. The noise stim-

ulus used in experiments is oten appropriate to none or the actions in

the tasks being used as tests; but s i ech soullds ,re natura1l and

prac-ticed stimuli for words, and words are freluent ly Used in psychologi-

cal tests. In fact it has been known at least since the work of Rochfrrd

and Williams (19621 that the task of naming a pict ar, will be dist1ub -by

hearing the wrong name at the moment the picture is displayed. When

speech sounds are used as the 'noise' in experiTneits, .in woris ire ii-

volved in the task, the effects are more serious thar, when neaningless

noises are tmployed (Salame and Baddeley 1)82), It is even truie that

speech sounds in another language have an eff.ct (Colle and Welsh P17,

Colle Ii80). From a practical point of view, this is probibly th,, ost

important change of emphasis in recent years. In the past we h coo neo-

lected the point that a person who is trying to read a letter or compose

notes on a conversation may ;uffer interference when collea ;utes talk near-

by, and particularly when they talk about the same topic.

!) E.f.fec.ts_ on Memory Rath er - _t-hain T.r- , ion. Ihe next question is

whether there are effects on internal speech other than the Stroop-like

effect. Are there effects on memory for words se(en before the noise

occurred, and perhaps effects of meaningless, rather than speech-like noise7

It is worth emphasising that Salame and Baddeley (1082) themselves regard

their experiment as showing an effect on memory and not merely on percep-

tion. Their view is that when one reads a word one says it to oneself,

that this converts it into a kind of acoustic image, and that the noise

makes this image hard to discriminate. They point out, for example,

that making people articulate, irrelevant material, and thus suppressino

- hii



inI tornal I tsecr. I r t!. :,-: li t,.-it Y'c ;-

My ptersonal vI~ -i t hat I 11ijr , 11!1 it 'lt ill ; it i. 15o(, not

;I rresen1t ilel I eCt Urn 1ulp..orV btt (-,il y l ptitc T ionl. I would T"roduce

thIir e, re-asons tor tU is iilt ri;i i J e %vi. w is ~tolt~vs rs o

is known to rediuce thle -rdi try It i < fee wi T no-i 110 r i; sirvolved

(Ma rt ii 1 1, 7d) ; so ising it t-,2 dac thb0 ;.l. st - -- Lt (c15 r~j- provide

positiVe evidence that the effiect is illairy Stcid(ly, it is JlreadCy

known that presenting siseech sundrs titer viau,2sate; ijul has boo-n resad

daes not disrupt memory I .q. , Marin ard Jones J) u)) It doeC.s disruPt

memoary for words that have been heard rather thain seen, and this isusly

taken as evidence for same special miemory for sounds or for speech see a

number of papers inl Broadbent 1983) . If internal speech transferred

visual words into such a store, later irrelevant speech ought to disrupt

it; but the Salame and Baddeley effect depends on the noise being p'resent

during visual perception, not afterwards. Hence, I see it as a Stroop

effect in perception, not a masking of internal memory.

My third reason for holding a different theory of this effect is that

there are undoubtedly other effects on internal speech used as a memory

system; these have been shown chiefly by Wildii.q and Mohindra, and are

quite difficult to reconcile with the notion that noise masks an acoustic

image. Recall the results of Wilding and Mohindra (1930) quoted earlier;

noise improves memory, but only if internal speech is allowed and only for

letters that are rather similar rather than those that are different.

This must be an effect on internal speech, but it cannot be a simple

equivalent of masking, Similarly, Millar (19791)) studied memory for

lists of consonants, with and without articulatory suppression. if noise

masked internal speech one would expect a harmful effect on memory, but

less so when articulation wais suppressed. MilIlar found no such result



suppressed.

Mohindra and Wi Iding (19H 3) have made, ai, 1i!:pur tat tte'[ to fer:-

ulate what the explanation may be. They st 'irt from tI fct , whi uh they

have established, that people asked to articulate, iter.i l i, no, !:,.orj

slowly in noise. It is already known that the iiuWet of ito;>. tht c. i

be held in short-term memory by the irternal speech rechanis:% ;!,A.- (,I,

the time taken to say the items (again, see Broadbent L'h3"I) . Sl('wer Art-

iculation implies that fewer items will be available in short-tri:n merorY.;

but in addition to the number of items one must also consider the prchlhr..

of recalling them in the correct order. When a person tries tc recnli,

the problem of picking the next item depends partly on the numlber of other

items in memory and partly on the degree of confusion between the correct

item and each of the others. If items are very confusable with each

other, for example if they are CCDTP, the chance of an order error will

increase very steeply as the number of items in memory increases. In that

case, the person may paradoxically make so many mistakes when he has a lot

of items in memory that the total score will be better if he has only a

few items in memory. Therefore, with confusable items a measure of recall

in correct order will be highest if the person is articulating slowly;

say, in noise. If the items are easy to discriminate, for example if the'

are HLMRZ, confusion between items becomes less important as a source of

order errors, and the slowness of articulation will be reflected in worse

memory.

This theory has the great merit of making it easy to remember the

rather complicated pattern of results; because the prediction stated is

just what Mohindra and Wilding find. My personal view is that I wish to

remain agnostic about the ultimate acceptability of the theory because I



AiM WOrried .b,'ut cite ! tilt 0;i t2.:.i . ;. 1", r* , ird d.I1t, S! toixk I1 t t !r :

prediction that rdered ljclll will, I . ,;.. i, iti-r , I, 1- wl,.I

there are more ittills in I elloly . lit *11,0lt 1, v1- i i 31 i XI '1 -

ments not using noise it all, ,itd I ,l0:. tot 1,i thit it h.s b,,.i 1i,1 ! Iv

shown.

II1 SUlnmirV hIWWVel tIllo 1A t l ,iI I I , ;t.l t I ll.Icry ii 1 i

that imI i catte inI Ite Ih~ I t qc I iI sI- ,-II, il d I hl ,I , ,-,t I I irillt'rtuvem"~qI I it h , r

than dett-io-at ions. Fxjst - iti t!1 11S wit i l-'i-c liitI!,lilt itt ito;, wit t .101.-

like noise, and especial ly with i I , ,t thi- t i;,-. ,f I ',ditI, wil I I '

deterioration with quitt low ofev,-lI its i ;i

THE CH)ICE (F 1'7RAT'6l-1:

In all the, results we have, reviewed, a It'iClll t thUTIlt h ,)-1 ltil

the effects of noise calIntt bi S-tI Js 1 ,Si.SiVC illd mc'hitni , ,I Cht. •t

which always and invariably saki's ordul itiotory bet It , Li imp,ii r:; t i;ki;

requiring deep semant ic processiiii . 01on!ice fft'I l to'50 \' CXi1d1011 , tt1

none are invariable. The sane point is maide by the l st of our foul

keynote experiments, that of Smith and Broadbnt i (1982)

It was reported by Hamilton, Hockey atnd Rcjmimatt (1(177) th,iI n(0is,

would give changes in 'runtinq mniory'. That task requires oite to listcill

to a stream of items that is stopped untexpecCt dly; whelu-(?l'cti ot110 hiS ti

recall the last eight items. Noise of 65 dH deteliorates rL,1ll ot tjh

most remote items, but on the whole improves rieaIll of the last Ont, ol

two. Smith (in press) has however tli ed the task tict oni y ill tht ori-

inal form but with the instruct ion to recal 1 oily t h' last I i,, not th,

last eight. When this is done, the noise t etds rabit i t j ips1 i t 1h list

items presented and to leave the etrliest nti; uticathed. It yenl ain, ly;,

more closely what is happeninq, you find people, who know t'hey only have to

recall five items go back into the pisl is scotl a ; tie siiet stops;

tI



they beg in recall at or a bou t t he f it th i torn baick When1 t h it-v

to recallI eigh1t, however , t hey St irt Ity reproducing tht. %try 1 t It ;

of which they can be reasonably sure, Then they go back anld do whit tiW-v

call about the harder otnes. The tioise- ippeairs to streitltenth le t,-tid-nc-'

that people have itt each of these situations, so thait the patt of thle

Ory that Su~tls is the( Oneo that, ini tilt abSetice of noise, would be 'T iveti

the lowest priority. Onle is tint t tidy i ig the rate ofI de1caly 0t a I,tSniVo'

memory trace, but the choice of a Straitegy of- tecall.

Atnot her e xamp le i s provided by the e xpe rimntts tin reduced soenati ic

cl::sterinq' it: noise, which have alre';dy beiot: meuionedl briefly. (lSmith,

mieaig whent noise is p re senit But th is e ffectI does itot appear wh etn thet

nestling groups are obvious or impossible to see. ro get the ef fect ott

clustering, it is necessary for the persotn to have a real choice, of

meothods of per forming the tmetmory taisk rhoen, the itOise glives, a sift

between the miethtods.

Suppose one suggests that ieiCso alt(ors tlie mhatisi;sed for select-

i ng st ra tegies . rhen supJpose th ii it lie ie CII-itt ill becomes sore ext reme ii:

its work ingj in noise, so t hat the strategly more likely to be adopte oill

quiet becomes almost cort a in to be so iii no ise. Thtat wouldt account for

the frequent finding thtat thet secondtiry parts of taisks are m1ore, l ikel y to

be impaired in noise; andl that comimon si ritog ion, sucih an t ho tint;' tt

i nternalI speech for memory taisks , appoa r t o be appl I id even moret f it equont -

ly.

Even this att ractitve generalisat ipo ruits int-o difictul ttt ie!3 1towevet

itt certain findings of Derni(7 and F01rriteu1s (198tt1) andl of !imi iii anid

Broidbornt (19H I) . The fir-nt of these required peop le to ait eit-ite 1. lid-

ly between two tasks;m this maide per formtaince wotiso at hothi t yp 
1

t'tp



cessing, and especially so ill noise. One( Cajcllt oxl tIinl thins I7 .Ii

of priority towards one kind (it task. It looks imuch tore as if, , oct a

mode of pe-rformancea has been selacted , nioise sakes it hardcr to ch iinj

Smith and Broadbent 1,)81) have a rulatted f inding; in two of tini r.PI

iments the subjects meletting noise as their first cumnji tiun c:ontinuelLd t0

behave different ly t hroug(hout the (:xperi sent, eveni in qgujt. If noi se

affects thle selection of sta git is most likely to ho throuigh nak ingj

the straitogy more difficult to chauiqe once adopt ed.

A last stuidy mrakes t he -ame ,isiit . Smith (in preparation) has tried

a serial reaction task witrh iqhts a la touch conitacts, as did JcIos W)84);

in Smith's case however hOc sale t heU S11i,1 tuls unequally frequent . 'Fte

probable st imu 1 us g.ive taister reactloNS inl 5 d13 Hhoi st, anld the rare( St iri-

ul i slower ones. liut even whenn tto) au~t ivt probaibility of signalis was

returned to normal , thle sitri i that wais forme( lv more frequjent continueid

to show relatively better pe(rt irTlince inl noise. The mode of perfOrmTanIC

had apparently become fixed,. 'This ki md of cifeect may well explainl t ii'

very frequent occuirrence of cryo e ftects of noise, which Loch's

review again has emphasised.

Smith's experiment aglain dloes riot involve 1 itigJuale . It resenhi es

many of the studies using linguI~isti.c material in the pat tern of reolits,

but in this case the findings c~iant be put down to an effect speci fic to

internal speech. From the point Of View of aln enthulsiast for StraitkeJic

changes, the reason for the appearance of lingiuistic material iii so m1ar17

sensitive tests is that verbal processing canl normally allow, many differ-

ent strategies, riot because the effect of noise is somnething speciftic to

speech.

CONCLUSIONS

It was said at the start of this paper that thte tone cani taitrly he



mo Io posIt ivo t Ill wis ertt Ih r tIIt I ,revi uI s , w I %'w:; 1t Ith,.; t -

gresses. Let us suuiari s;e the achi(vr(, Itt (, t ? I s t , f

(1) We now have tests that are. sellsit ive to l-vl, I c , l ,'.1 .

comparable to office ind doisist it levels.

(2) One such test employs the' Strext)-Iikjit t t . :

verbal tasks even when the t isk inv ;vs r-,,tln, I tlh. ft, II 1,

(3) There are ilso -ft cts t lit t e ilit,-I I i 'i h, it i .f 'I,

ly complex and (e blsIler thill - simple. l,e;kiln: t ir,. , rlt I I,. i fli

of being understood.

(4) We also know thalt clhtniiejs in li0 se et t , -I:; 1- i titll , 1-T

merely with slight changes itt task, bit e, r, ,t ih1lt it l f,h,; -sl , I. t:i'

are approached in different ways. This q,;l let ti riet-viril! wit

to verbal tasks. Thus, it is plausible thui thJ,, t,, t , i hi I

do with the selection of a st rategV of pet torn in
, 

Ly t lht p.,r-; 'r,

(5) Lastly, we know more certainly t hin het I, r,. that tht. i 1 1t t1.,.ifi

clue to noise are related to some (jeneral i rtusa I - 1 ike ,-tii t it itl

the person, and that a single dimension of arousl wi 1 I 1 t ih. 'Tl, si-

of natural changes in the person during the dJiy is I p,irt sillii I, ii y wt i

of attacking this problem.
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PHYSICAL NOISE VS. SEMANTIC NOISE: THE EFFECT ON INFORMATION
PROCESSING.
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INTRODUCTION

Auditory pollution belongs to the most common environ-

mental stressors, both by itself and when combined with other

stresses. Of special importance is its combination with high

information load that occurs in a number of occupations. In-

formation processing, even if far from stress level by it-

self, may turn into overload when combined with auditory en-

vironmental stress - with serious consequences for perform-

ance as well as for the cost of performance i.e. effort.

Auditory environmental stress is typically associated

with intensity, although annoyance is attributed to noise's

other dimensions as well, but to a much less degree. It is

true that noise intensity, if very high, means an immediate

threat to human organism. However, when noise, i.e. auditory

stimulation irrelevant to the task a person performs, is

present simultaneously with that task, the content of noise

may become much more destructive than intensity, and through
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its interrupting and frustrating power, it may even present

a serious threat to the performer's wellbeing and health.

As inspection of the literature on noise effects on in-

formation processing will reveal, the concept of noise covurs

a great number of very different types of auditory stimula-

tion: continuous and intermittent, meaningful or meaninqless,

random or predictable, aversive or sedative noises may pro-

duce some common and some very differeLt effects. Even rUld-

tively small changes in noise intensity can yield unexpected

nonmonotonic effects (e.g. Daee & Wilding, 1977); the same

applies to noise duration (e.g. Hartley, 1973; Smith, 1983).

Direct and indirect effects of noise tend sometimes also to

be confounded. This diversity, together with task specificity

which has been repeatedly made responsible for contradictory

data obtained in seemingly identical experiments (e.g. Jones

& Broadbent, 1979; Poulton, 1979; Smith & Broadbent, 1982;

Smith, Jones & Broadbent, 1981), may explain why only modest

generalizations can legitimately be made in this research

area.

As a simple, easily definable, general representative of

auditory stress, white noise has served for several decades

as an excellent tool for studying a great number of informa-

tion processing mechanisms. An increasing number of inves-

tigators appear to feel, however, that it is time for the

studies of noise to "move away from their previous preoccupa-

tion with white noise of varying intensity, and ....... instead

systematically investigate the disrupting effect of more pat-

_ __)
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terned sources of noise, paying particular attention to the

disrupting effect of unattended speech" (Salam6 & Baddeley,

1982). Recently, these and other authors have started a

series of studies concerned with memory and other cognitive

processes. The data obtained up to now support the assumption

that disruption of various information processing mechanisms

is frequently due to noise's content rather than intensity.

The present paper is concerned with one of important dimen-

sions of noise, viz. meaningfulness. Throughout this paper,

meaningful, verbal noise will be called "semantic" while

meaningless, nonverbal noise will be labelled "physical".

In an earlier study (Dornic, Sarnecki, Larsson & Svensson,

1974) we used short tasks with relatively high information

load (involving reasoning, interference, limited long-term

memory search, attention switching, and load on working mem-

ory) that the subjects performed in quiet, in high intensity

physical noise, and in low-intensity semantic noise (distract-

ing speech). In the short tasks whose duration varied between

1 and 4 min the subjects generally managed to overcome noise

effect by increasing effort expenditure, so that only negli-

gible decrease in performance could be observed. Perceived

difficulty of the task was, however, higher in the noise con-

ditions than in quiet, much more so in semantic noise than

in physical noise.

The present study concentrated on the time variable.

Compensatory mechanisms found in the above study are likely

to be sensitive to task duration, the same applies to pos-



sible adaptation mechanisms. It was hypothesized that task

duration would differentially affect the influence of the two

types of noise - physical and semantic, respectively - on

the efficiency with which the task is performed.

An obvious crucial variable in this sort of experiment

is the task. Although the determinants of a task's sensi-

tivity to noise are not easily explained, it appears clear

that the task should be difficult enough, in terms of the

complexity and speed of operations it requires, or in terms

of effort it requires and the spare capacity it leaves unused

(cf. Dornic, 1980a; Dornic & Andersson, 1980).

This paper reports one of several experiments carried out

in our laboratories using different types of nigh-load tasks

(e.g. Dornic, 1981; Dornic, Sarnelid, Larsson, Svensson &

Fernaeus, 1982) to study the effects of various types of

noise. This report gives a selective comparison of two types

of noise which can be considered opposite extremes at two

continua: that of meaningfulness, and that of intensity. The

effect of high-intensity, meaningless white noise is compared

here against that of meaningful, verbal noise of low intensity.

With physical noise, intensity is generally considered

essential for most, if not all, of its effects such as arous-

al, distraction or masking, although the increase in these

effects with intensity need not be monotonic (e.g. Dace &

Wilding, 1977). Semantic noise, on the other hand, shows

little, if any, interaction with intensity except at very

high intensity levels where the increase in disrupting power

L



of semantic noise is due to its physical aspects rathier t:,an

its content: within a reasonable range of intensities, the

disr'upting power of semantic noise does not seem to depend

on Lntensity (cf. Colle, 1980; Dornic, 1981).

METHOD

Noise and task. The physical noise was a white noise
played back by a loudspeaker located about 1.5 m behind the
subjects; its intensity at the subjects' ears varied around
85 dB. When applied, the noise was turned on half a minute
before the subject started working on the task. Intensity was
increased gradually, within 15 sec, to the 85 dB level. The
semantic noise was a tape-recorded conversation between two
mail voices on simple everyday topics. The noise was reproduc-
ed at about 65 dB, the intensity being appropriate with re-
gard to the experimental room's background noise level.

The task involved simultaneous mental operations such as
language encoding based on limited long-term memory search,
rehearsal load, and processing of digital information. The
subjects' task was to name colors of a series of patches, at
the same time transforming two digits, following every third
color patch, by adding one to each of the two digits; for
instance, numbers 2,5 were to be processed to 3,6, then 4,7,
and so forth (9 was followed by 0 so that the subject was
always dealing with two one-digit numbers). The task dif-
ficulty was enhanced by digits and words, irrelevant to the
task, printed outside the regular location of the patches but
within the subject's reading field; the interference words
belonged to the category of color names.

Subjects, design and procedure. Thirty subjects partici-
pated in the experiment, 15 males and 15 females, drawn from
high-school students and university undergraduates studying
a variety of disciplines. Their ages ranged between 17 and
29 years (mean 24.9). All had acted earlier as subjects in
experiments on attention, and most of them had had previous
experiments with simple scaling methods used here. The sub-
jects were randomly assigned to three groups of ten persons
each. In a between-subject design, each group (N=10) took
part only in one of the three conditions: Quiet, Physical
Noise, or Semantic Noise.

The task's overall duration was 15 min, divided in four
periods of 3 min 35 sec. During the short pause of 10 sec
following each period the subjects gave their estimates of
effort they had to expend to cope with the task. This was
done on a graphical scale, numerically and verbally anchore.d
at the end points (0 = "no effort at all", 10 : "extreme
effort"). The estimates were always concerned only with the
immediately foregoing task period.



RESULTS AND DISCUSSION

Table 1 shows mo-an performance2 and perceived effort for

the two tasks in the three cond itioens. For reasons of space,

only statistical compar isons Wiiol, Co ase:, serse, in the ro a

con tex t , are 'Jiven hreSinIc e a:sa icr proD 1emr is task

duration, the comparisons will concern task periods 1 and 4.

Table 1. Performance (11) and perceived effort (E) in the br
task periods of the three condit ions. Performance is
expressed in number of co)rrectly roesditemis
per min.

Task periods
1 2 3 4

P L' P 1: P h P, E

Quiet 5 3 4.0 1l 4 .2) 1 4 .8 1 1l
Phrysical noise 5-0 5.1 48 - . -) 44 .2
Semantic noise 49 6 .9 46 >1 4429 '

Per formance in Qu iet rem:ia ins 1 vita ilv acem

out the tfour per iods wileIt thefr i s a si, t aut- i. aIs 1::a1i

cant increase in so If-retpr ited ef tor)lt e~xpenld I t e . Per rI t -'

ance in PhysicalI n()i-L. in i iila ly dr-r Ia l"Y

proves; this; trend is irr1lected Ly slitilit 11" i ree1';-C%

ed of for-t. '1h'e d i forti .ic in jorerinc otwoeni t ik r iicus

1 and 4 in Ply clnoist cLsoly approachecs the .0 i

cance Level. Perfe rniane Io ;i'o2 antlc noi1Se lISpi,1'L i~ I Ce

do)wnward trend, the uppe, to b i no t rue o)f pci cei 0 1 e

The. diE ferenc, between P i tl I and 4 i n io; 1

m' atos (t:



A comparison of the three conditions at the shortest

duration (Period 1) indicates a slight, nonsignificant trernd

for performance to decrease from quiet to Physical noise to

Semantic noise. In terms of effort, this trend is more pro-

nounced: the Semantic noise condition differs significantly

from Quiet (p = .05). With prolonged task duration (Period

4), there is a marked change: performance in Physical noise

is slightly, though not significantly, better than in Quiet,

but performance in Semantic noise is clearly inferior to

both the other conditions (p < .001) ; the same applies, in

a reversed sense, to effort (p < .01) . The difference would

be still more pronounced if expressed in terms of efficiency

i.e. performance-to-effort ratio (Eason, 1963; Dornic, 1980b).

The overall picture appears to justify the conclusion

that low intensity semantic noise, while by itself much less

annoying and harmful than physical noise, may prove much

more detrimental when combined with mental work. As im'iention-

ed above, very similar data have been obtained in experi-

ments using other types of high-load tasks (Dornic, 1981;

Dornic et al., 1982). What are the basic differences between

the two noise types?

The basic difference apparently lies in a very different

"interrupting power" of the two noises compared. The dis-

tracting, disturbing effect of noise can of course com

from various sources - which can be both physical and se-

mantic in character. However, even if a physical, meaning-

less noise is patte.rned, intermittent, or variable in any



other way, it is always more predictable than semantic noise.

The disruptive effect of the semantic content of noii.t-

on information processing is of course task-specific. To il-

lustrate and underline the importance of task, a recent study

by Salam6 and Baddeley (1982) will be mentioned here. Per-

forming what could be called a microanalysis of an extremely'

simple short-term memory task, they found that semantic

characteristics of "unattended speech" (isolated, unrelated

words presented auditorily) did not affect retention of

visually presented digits: nonsense syllables had about the

sane effect. Their conclusion that "the effect is not operat-

ing at a semantic level" and that "the system is not sensi-

tive to meaning" cannot of course be generalized beyond that

particular task.

The position of the present author is that the role of

the semantic content of noise in the task used in the present

experiment primarily lies in the interruption of continuous,

coherent information processing. The nonsemantic features of

speech that the subject is instructed to consider as noise

lack that power. In one of our earlier studies (Dornic, 1981),

the influence of nonsense syllables, and continuous speech

in a foreign language totally unknown to the subjects (con-

ditions that involved the same broad phonological charac-

teristics as the words in the subjects' own languace) had by

far not so marked disrupting effect on a continuous visual

information processing task as unattended speech in their

own language used in another condition. Thus, while phys ical

4,



characteristics of semantic noist, such as phonological

ilarity to the task, may be decisive on a micro-level, they

probably lack significance in m-re complex tasks. The sanme

applies to the finding by the above authors that general at-

tention distraction could not explain irrelevant speech ef-

lects in their experiments: distraction, while unimportant in

a discrete, simple short-term memory task, is certainly muci,

more relevant in a complex, continuous task. In suo j task,

much more processing capacity must be used to reject smanti:

noise than physical noise (cf. Dornic, 1977, 1980b; Eysenck,

1979).

Another of noise's often discussed effects is arousal. It

may be reasonable to assume that in spite of low physical in-

tensity, semantic noise increases arousal via continuous in-

terference with the task, and through the rusulting frustra-

tion: an obvious effect that has come to be discussed recent-

ly under the name of "interruption", as a source of emotions

(e.g. Mandler, 1975). While with physical noise, arousal

typically increases at the onset of noise and then decreases

(e.g. Poulton, 1979) displaying a typical adaptation effect,

the level of arousal induced by semantic noise is less likely

to decrease since Little, if any, adaptation can be expectoed

to take place.

Out of the several effects frequently attributed to

arousal, it seems appropriate to mention decreased semantic

processing under arousal, first reported by Schwartz (e.q.

1)74) that - together with the assumption of high arousal



directing attention towards dominant sources (in the present

case, towards the task rather than noise) - should favor the

prediction of noise attenuating the disturbing effect of se-

mantic noise relative to the physical one. Such a prediction

would be quite difficult to test; in any case, if arousal at-

tenuates the effectivity of irrelevant semantic stimulation,

this effect is probably much less robust than that of inter-

ruption.

Finally, the controversial masking effect of noise should

also be mentioned. Following the several years lasting argu-

ment about the role of masking by noise, the possibility of

this effect has come to be considered again (e.g. Colle, 1980;

Salam6 & Baddeley, 1982). If some sort of masking is to be

considered in the present context, one should emphasize the

fact that masking of overt or covert verbal operations does

not necessarily depend on the masking agent's intensity but

rather on its phonological similarity with the task.

The major finding in the present study was the differen-

tial effect of the two types of noise with respect to the

task duration. That physical noise can improve performance,

has been sufficiently documented (Poulton, 1976) although

this may result in a decrease of processing capacity that

will sometimes show up in an inferior performance on another,

simultaneously performed task (Broadbent, 1977). The mobiliz-

ing effect of irrelevant stimulation has been demonstrated

even with distraction other than noise (e.g. Sanders & Baron,

1975).



The results always depend on the concrete combination of

a particular task with a particular noise. In many cases, as

in the present one, it appears worthwhile to use some sort

of effort measurement that indicate compensation mechanisms

pointing out to a decreased processing capacity, at an earlier

stage than performance measures do. Evidence is accumulating

that perceived effort, as measured by simple psychophysical

scales, can serve as an integrative measure, in several ways

superior to seemingly more exact, but also more indirect, be-

havioral and physiological measures (e.g. Borg, 1982).
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DIFFERENTIAL EFFECTS OF' NOISE AND SPEECfl ON SHOPT-T!-EN MORY.

Salarn6, P., arid Baddeley, A.

C.N.R.S. - Centre d'Etudes Bolatus, taburFrance.
M.R.C. - Applied Psycholcogy Unit, Camhridie, Unitei Kinijdom.

1NTRODUCT1 ON

Many investigations have been con-ernied with. t.he effects of noise on

human performance and in particular have focussed onr short term: m-em!ory.

Theylead however to conflicting and ever, controverinial results (Poultun,

1977 ;Broadbent, 1978 ;Poulton, 11)78a, 114781, The variousI rmnrl' tas;ks

and experimental paradigms, when combrlined wit, fte~ larqe nurj,(r of icnise

variables manipulated in these studies, could explain the- 7,itif di ;crec-

pant results obtained. Other explanations, arc ,till nos~ehowever.

Rather scarce were studies of the effts:f of speechl ac: an, ac,.o -c envi -

ronment on memory (Colic, 1980.; Colte and Welsh. 19'().M .Nrt recent~v

SalamO & Baddeley (1902) studied the effects of disc ont iL snecj Fre-

sented at 75 dB(A) on short term memory for visually presented d'is

in each of their 5 experiments they showed a stronci imriai rment o)f ror

mance with degree of decremrs~t related to the, phoncloci I.ii si mi lar ity of

the speech to the visually presented materi al. These expe(riments di ffereli

from most studies of thre effects of noise( in two, ways. I1 rst tho uriat Iin-

ded speech was discont iruous wh i- Ic ilc in most sI uhlie,; is presentedi



conitin uously. SeconidlIy no ise, studileo t ypicalIly i:tiiulIcit(e [Ilt-elt i

where as we had stud ied onlIy er i ti ens4)5 itv' -/5 dBrp -a-i w tlir-r- f,Ir- -It-l

to explore those possible ilflr-l- 111 4 t J iI :1-Ii to-'xp-r I:

the same experiment the effects of icui 50- djiii stst f. i. vi ;ui Ire -m:

me MCury .

Experiments I arid 2 explore the rkt)- tI Vt <ftI ttt k-o IK It 171 U .-I

noise and on familIiar arabi c speech or; itu i LI ''t e ::.t m.II r V I 41311 I iI

aented digits arid Exp. 3 tests on aIGoiSI i 0 fir-di sick tutk 11 ~I

MATERIAL AND MThD

The following Exp. I and Ext. c ttf I I -11-: i01 -i1x

their Noise and Speech NP!.. A levi l l i A) xt i
a 95 dBllA) SPL, in Exp. 2

The visual memory tasK 'as thi- I:> , s h t. tt \-- 1 H"
(198 2) exp-rirrient an d cci>;r itleti K-, - tw :. rt i v i -

at a ra-te- of 5(16 ms per dia it walt ti

Ji gi Vs . All acoust c- waiws :i-tri .- ' I -.

Subje'cts then had I'- sos- t- I I --tt -'I I. rt I1 t

session comprised 30 soe c t L - -

seguenceu .

In trfio c-out rol cordi t rot cz
overtly. They wore rnstrilct' 1 7

the suppret) i :tt toridi t;t,t 
t  

t *-- 4

c-f eac-l writt i e-a l TOO ~ r ll

(Quiet, p-irk No ,-s aiilUC I~ I

design. A broadhatld! piTH !, -,
liar waec- i: mradf> iq; ft, r. it A 1!

Arid recar leil onl a t apr - 1j I -fI

all the pres-T'tat i sri p-r -" -.'
The Quiet co)nditions SOTr, .2 - -i t

'Anid c-are. ful 1 1 ; :; I ' * I . -1, 1 .

t x.I ar-I .4 othe'rt. ti, by: -

Involved inl E- ' -I
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Fig. 1 - Respectiv e eff,-,t-; of a WP A Noise oDr uifa~il 1 1 r ' -,

on Visual Shoort term T101ICry i0 the cont et I ari : r (

corndi t ions.

The analysis of varilance arid a -oAhsetjue;,t Newrwan-Yo'al tc( 't leai t, tlCs

follo.winj conclusions:

a) Pink noise does not seem to impai r pefomnc. 010. 'at

compared to, the Si lent coot ro) conrot ion

b) Arabic speech produces a mark-t di 0r0jt 1ion Of W'rfrra; '0w7 ''1 1

red either to the Silent control or to the Nis ;o,;'0

c) This disrupt ive ef fect di a)r wh''n t I,' art i (ou) it i,'i 10 3: 1

by repeating the irrelevant 'bli 1;1i 1,1,i" 1uriT,: ; -'4 it 1,t 1r

recall.

Comparisons made between reo pot lV''''o11d;tit oo' 11 1's;. I IT11 ti'-'' I



Exp. 3 in the Salanme & Baddeley (1'03)) pre-vi ouc tu <t..

marked di ffereuice. it appears theri thut the presupposrii! OhN-ot'l f c

discontinuous speech is niot crucial. Moreover, the Arafic urifam:ili~r

speech seems to be as disruptive as the uniattended Suhjects, 1stV( T v.

whichi suggests that the vis;ually presented STM n,.atri al hdd i-('1 rI~ I

phonologically in the non-suppressi on condit ions as ii t h- ivi nu:; ctt!

(Salam( & Baddeley, 1982I . It is puss-iLle however that th. fai lure tc

observe a clear disruptive effect of noiSe M~ay haJVe tem tIYM tt." I(",

SPL used in Exp. 1 . Exp . 2 tested this hiypojtlwes 1 . s I a H4 fA) §11,

The results are reported in figure 2

so0

70

60 -1

50

50

S30 0- O---o SILENCE CONTROL
0/ --- SILENCE + SUPPRESSION

20 / ~-uNOISE+ SUPPRESSION
~--~UNFAMILIAR SPEECH

10 ~ UNFAMILIAR SPEECH10 - + SUPPRESSION

0 - I - a - , I

1 2 3 4 5 6 7 8 9

SERIAL POSITION

Fig.. Effectf :,f (I (~A! r i.1K' ~ r~H



The statistical analyses made on data of Exp. lei alut te>tio coliclu-

sions as that of Exp. 1, indicating that 195 dB(A) loud Noji,;t uI, 1lt no~r-

kedly impair performances whe n compared to the 21 lenitcot oiiti,

while Speech in an unfamiliar language did. it i!ay be su;jc-steu that the

results of Exp. 1 and Exp. 2 show however a clenetral SPL effect oboe( tie

error magnitude seems highier in Exp. 2 (tdl dB(AI)than in Exp. I (7 <Al3(A))

Unfortunately the two Silence control conditions are Alsu sigjnificanltly

different indicating that the two gjroups may by haiice differed III cO"IIC to

capacity.

Other explanations of the lack of noise effects are osLI oee

Exp. 1 and Exp. 2' both used a lat in SguLare desiqri inI order too.tro

lance the order of conditions. This may have nrdu'i 3Ii I,.oe til

transfer effect (Poulton, 1i)79 which -,ould it, torr; tiavoii u ., it tolli,'

error rate in the Silence coot tol _,ono1 t ions-.

A second possibility is inotructiii Isl Whi I,- there iic,:7-i l-rt

evidence that articulation .114 r> ye; per t rrxuices in :'I 1( ;,!1.

less clear with lou-d Noise. 'te 2'ireacy tween1 cu irc ~ .+. I

pos it ive resulIts could stemIT fruit ,iir i lo t i ict I , r t. k ce tI !I

control conditions. Other ;t udie, of,(T ten ee tie 11 " - rIct;

overtly. In this case , loud iioi :e i:-ul an the i, c ic i: ti

(Poulton, 1971) or "outer speh )le, I01 , i 7.7 : 'ci 1

maiice.

FXp . 2 te-t(i' this; 2iyitl :41i 1'y TI07lt ' i''; I), i 1 '1 r it

vi sul I l' pr,-ocotod( li it 1 ) t , i , 'V 1"T .7; dl, '''

r iTineiital -onoli tion. A, 'ii 1.2ii o1

Mor-ovr, ii id'' 2 'iiit ;r lit I I 2 I 7
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NOISE SLOWS PHONOLOGICAL CODING AND MAINTENANCE REHEARSA: A
EXPLANATION FOR SOME EFFECTS OF NOISE ON MEMORY

Wilding, J.M. and Mohindra, N.K.

Department of Psychology, Bedford Colleqe (University of
London), Regent's Park, London NWl 4NS, U.K.

INTRODUCTION

Investigators began to examine the effect of noise on

memory tasks in the 1970's and it was natiral to att to

explain the results in terms of arousal. However a carefUl

examination of the findings reveals a pattern of results unlikf_

those obtained using other arousal manipulations and which

suggests that noise effects vary with task demands rather than

operating on some memory component which is active in all

short-term memory tasks. In the last few years we have

obtained evidence suggesting that noise effects on short-tern

recall are due to interference with the acoustically-based

operations involved in many such tasks.

BACKGROUND

Several experiments using different memory tasks have

suggested that retention of the original order of items cay he

superior when they are presented in noise, thouqh there are

some contrary finaings. It should he noted that the noise ha:
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rarl t 1 C la r 1 j' h'r (. r :I i I t 1111't

i:.aint nanc , : t,,ua :.:l fI Vt-:.l .:' l : :

loon (Baddt'Ie 'v and iitch, -97-1).

caus-<t cr~ia:r ,.& ' :l :',.:7.,1 an:;, it .<, ',:', -.," :

nloiSe ind.;:'
j  

a ch~anueo of C:t 4 ' :"y] anra< :s,< i ,, : ': .:"

3 .Alte rnat i'.'lv, doe..: noiz:,o affe-e , .r........................:2

occurr in and if 'f, Iow? hat i., . ri i , f ' .

como ne nt in the ei'.0ty I

4. Is the r d u ,ant i." oC r i1 i(,n i. :' :'

is somet imes observed in nol ': . t L an i: : , .ti,

Erocessinq? If so t hi 7 i , M t - rx,1a n > i n- , i ,

on maintenance rehearsal; alterntivy i, :' i

consequence of the lat t er if t he t t (,r 07 : , 7 <',: .

reason.
ANSWERS AND EXPER I M-NTAI, l.';

Our answers take the form of six dart :

I. Noise effects occur only if rehearsal i: t: lt'a i''sre .',n'

The best evidence for ttic appears in a fur io:- in a:

by Breen-Lewis and Wilding (1983); see also lw i. ann , i din,;

(1981). Lewis and Wilding su qested inst r ct in. 71',.pc f in,:

a free recall test ra
t
her than a r(eco)nit ion t e.t inc. l

subjects to rehearce it e!,:7 in order. Pi e n - (,wI" .oni ' ilIn:1

found that nois e only improve ,] pi forT anco wh, n s ......

expected free, recall hut iot wh''n t fey ex d(>''it'',. i ,, 4

in the former condit ion noise incr''asd t; r ' . jt! i:''-

in h , oriqi na I ord, (.,, 'Pub I , h i . : : ,. 'r '7 ' '

did not ind :e r ,:b'it .41 in t h;. , i' .." " II': : :r'''

I'!,



4 r n a i I r

ian n ': o f i-L ro--'alle (d ott o f 4 0(N) ano A

f)n r c ds of i n - ith o i ff~ n 0 >- n- at i

1- l d in,, 1 98 3

oi i-v- 6dr 8;:c

R- i n.:, r;ct ion 19.8 0.10 . 0.7

P -coni1 i1tion i n st Icti:Lo n 25 0 07 6.0 0.1

Othetr e v ide nce -stmorr .h<1 conul Itin, scrin.as1in:

(1983) der~onstrat ion that noix- sro-d eali r ':si.

when the present at ion rat owas, re-,lat-i ve-ly s-low ora -ly

a)cctrred bef ore renalI I , ho' h of wh ich f ac' ors -;p-. at-ly

pe r.-it te -d reph ea rs al1. Also 7 we hiav f ail ed tIfo oht a in any ni i:

-ffects when using visual patf.rn.- inst,-ad of word: nto-

pijj I Ii s bed

2. Noise slows rehears al.

Mohindra and W-iding (1983) t -7t-,d theo -ff-" of no-

overt rehearsal of lett or and word soocs.N -s1e-

ne r formance when s abject-s had to reheat so a i-e g nce fito:

mempory but not when they bad 1oread tre w'atcl f

.cee. hi- imp1 ics that- n-opeI operat ion involved in ' ,

ing the s ecluence fron, T-t'o'y on e-): c'Vcl,-wa tiiI

3.Noise, impairs access to a phenole inia co)-.

Wr- have cart ied out two pi -no(n i1sh-t

investigrato whether t he effect of noise- on ceasl-n

re-late] t o on -f fect on ac ts to ptionoleo i ca ri..-

-- i-a -a I n t h, - f i tA - I-- nnt ps-I o I f %'i: ' A

p-r'---n t-d:. anol mn I. 3- h- nd



r hy'rd. rTh word.- w,, .>k t ri l. t r s:n *-s *O 1'

Dav 1es. a nd Da n iel (19e 8 w i,~~i~ I Ii f

an i rrele-vant word alosi (art 1c lal*,s .(ir,, 1,)n t 1.

t ask.. Suppress ion slIow-,d K. h- f7:: i 9.A0),in n. n~1 i

conclIuded that i t affs krd o15 0- po !0 I- X I I 1(>fi I S

code , wh ich is acceissd v ia t s: -r of known words, a

to a prelexical code wh ich. is; os: s V ap1yn

Qron ine 1at ion to unk nown oiro153. 1at ly isp 1 1,d k nown wor 1.. .20.4-

over, since many of the- woids- wr- r-jslat ly iIn'.sn-

elusion is not incontrovertilcle.

in our exper iii ent with the) sa:;e words Fprfor:' an'- wi.'

significantly slower and ,sIiqhtly less: aessiate in noi_ ( -,In

latency 1.1l0s and 1. 25s in tho 65dhC and 85dhIC sandi 1 ion.:

respect. ively, the errot ya,,ez n 9 and i. n :in a

to identify the locus of the effect mrr acrat.-ly w-i shn .i

the task so that words were prel-entcd ssssi'yand iso ns.

was measured froi the onset of the second word. V". n t I,

second word was an irregularly spelled word r-qsir inn es

lexical access to phonology, noi se had no effect A: :a I.

When i t was a non-word req's i r ing usP of rue to ass ' ! -

lexical phonology, nois;e had a s ignificant ly gr ,IiI f',

as shown by a s ign if icant i n teract i on ho t we-- n 'qois . in ..

Type . However t he no isfe of feet ofl non-wa r (] ud: ni rn I n,

not significant by an Linpi annod con par in

Thus; we cannot on ( jvoL-sl 1 onsl ild thri nol t

acceor.; only to proloxical phonolOtY LInlI' in,] 1111 1 ho i

rl sn 1 can h- (1-c i.; 17 1/, ly r i - 5 pl ,:. j- ' I



"Al C1 1~ er-it 1001 :- iS:oiii: L ,e I : t o or f or: of'r-

lo'- ia 'I cod" . We ;u,,.pect that tLu( p~ost le-xical cod,- 1.:

t-a.'i~i1 ll ,it icilatory and sjens;it ive to art jeulatory :.3'.

i on , 'hi lt' r!" preleX ICa 1code iS [tao ;i al ly acous t 1C. -t-

A 981 found that sprsonhad less efect on r

;;d-.n r' ouirinl prelexical phonology t han those re quir inl

po) t Il''<l Ip 01 3d n o' a iv in d 13 - sn (-r a nd 1)(a v rIa ari ( 19 82 ) ha.'l ,I ir';

hown that , whi le sul3-r -ss ion (,Ii nrinati.'s t he ef f'ot iof worni

l,-nqt h and aouist ic Ipost; i bly art icr; lar o! y ) ,-1 1 ir i I i i 00y

rcall I, i t lePaves untoiuche d a n adva nt a f for n(on -wor d. ir

soud lkeWors '.q WLA Iovur non-word.: wh ich do no, n, in

like words. Th is s how t ha t t wo c od' e x is t, o nlIy )n~ if w:ii;

is .senrsit ive t o art iculat ory inter ferene wh iIt. t ho r--xu~

code acco sued by non -wet d:; is m iif-ceto,..

Table 2. WM'an latenicies in stcond: (!,) and t i,;n -a- i ro
(E) uinder two 1I've):' of noise( for i-u':;ions-t-i
pa irs of i t eirir; t hyr (Wi Iu indj and Moh india,
unpubl is hed.

Noise levelI 6 jhC 8J

Word-Word pairs 1'.16 11 :.16 13
Word-Non-word pairs, 1I.15 13 1. 30 16

4 . The e f f c ts 0 f s low 0i ruharl duar - I, ,1)cn d o n t ik pii r*

Th is is di scussed by Moh indr a And WiId in-i 1 '483 n w'

will on ly stottrir iz- 'ho ar iiiment hfur. In t W K. c: 1u.h _'

I Ma inrtenaneec rhur:i I rat y, lu w int uf w i. 1' 1

rf dric h':. I ; n,;!lfr iof i t h, Id1 it n i . - 113 , .. ' . '.r

)f t i n r'f ,, ' I Is' t ; nut f''r r -al I-I , ! t ;* i f 't' h- k is . I

,i maj]ir e-to' of i I'e.I fail . i.' is wit .In- 1 1' -of.

-tw-''r i 
t

' r, i i'' i n i n 'Ih- nj- i-i of ru --- ,



rethea rsed a t nr.' on- i' i n Iiii Is rrl Olh

Sufficient ly to0 OLut.Wiqih 'hi-Io.':- duo, to holdinq fo.w'-r i to'.

This sit uat ion onily occur. in Very ret, tr ictJd condi Iion:: sirj,

as rem'embering tho Order of a :shrt is, t of t 15or t.ojl it

th'te last few it0 in A I unninfl -tory typ f ask, j.is

hose tasks where,11 itov'''n it-i sn fo.ind in noise(.

A S i !1 1)Pe, ode wit I y.A I 'W() Par a(,teOr", ho p.,ot-1 ilIit;

of confusion wit h oth- r It- i's if n r ehea rs al Ioop A rid t 2.3

n umbe r o f i te(ms h elId i n tha. lIoop, ron f r .ie d f hoe (-0- -A !ion.

C-lculat ions f rom t he moo, 1 dIoW, d thfat recall1 of conf usanle

tems might benef it as f i,-e niimier held in rehearsal was- rtc'] d

(as found by Wi Iding -. d Monindr 1, 1980, using acoust loally

conf us a bIf,e lt te r F, wh ilIe re call1 o f less confusable itei'

mi gh t be imrpa iret d as t he n,:iib- r h elId i n re h ear salI w as rd u-- c!,

eseIlly when t hat numn- r was alIready smrallI. This ls

prodict'ion was conf it-ed ny Mohindra and Wi Idino (198 3) is1n;

noncont usaile words with a lonq pr on~inriat ion . 1 . 1 in

order1 of th to riddle of fiis--word I st s was; advol :1 y 'If f'c

b3y no isof,
5. Noisef d0oes not imipa ir :;-' ant ic rrosi.

Eysenck and Fhy:s-n(1 (1979) foind no effor(t of noi -' n

he spool of doci dingj whothti a word w'i' it no r i ny -tf

of previouslAy dis playod rat' olorjP.-. Wi, ,-v tu ot00 junod i AI I lit

reutwhen S~bJfrt! h~d to deci'- whIhr I wil -I~t h, e ,

[T-aninq asi any of a sot of -~ivie s-ly pr-*:--nt-d wi V.:

havi, als:o froind t fat wV-n IT 'J' t , 'iv-' 1 do - - ht,

i~ et - r :st ring iT: a wot d or- not ! h t- dIti " of foci I I il i-

pr odure-d by a r'ialt -d ft' int wot d isr,) At off'''' WI--n i



is present (both these f indinis are as yet unpubl .u hd)

6. Noise affects semantic processing indirectly in fre recall

The evidence for this conclusion is indirect and nrifi(.n-

tial. Wilding, Mohindra and Breen-Lewis (198/) presented a

list of words which were either unrelated or consisted (f

several closely associated subgroups. In SoFTe conditions they

forced semantic processing by asking slbjectcts to rate the

pleasantness of the words.

With the unrelated list, noise increased total itcall and

recall in the original sequence, but if pleasantness rat inq

were required these effects reversed. With the associated

lists, on the other hand, noise reduced total recall and use of

the associations to organize recall (though not markedly) and

again these effects reversed if pleasantness ratings were

required. The condition with both ratings and noise produced

the best results of all.

We interpret these results as follows. Subjects begin th,

task by rehearsing unless they are told to do something else.

In noise they do this more slowly (and possibly more intensely)

and this aids recall of unrelated lists. The rating task

interferes with this strategy, but no semantic organization is-

possible in compensation. It is not entirely clear why addi-

tion of the rating task to noise is particularly harmful. Wit!

the associated list, maintenance rehearsal will give way to us-

of associations when these become apparent as list pree:f,ntut ionr}

proceeds, but the greater demands of rehearsal in noi:e, wiil

impede such a strategy change, probably becaus the possibiliy

is less likely to be noticed. If the possibility i s mide r o',



obvious by forcing semantic processing, it is adopted in noise

and used efficiently. We would point out in support that Smith,

Jones and Broadbent (1981) have shown that when semantic

organization of a list is obscure or very obvious, the effects

of noise disappear.

CONCLUDING COMMENTS

There is little evidence on whether noise affects the extrac-

tion of and memory for information in prose. We (unpublished)

obtained no effect of noise on either immediate or delayed

recall of information in prose or inferrable from it. Froi thi.

preceding argument we might expect little effect in so flr as

extraction of information from prose requires semantic

processing, but holding sequences for processing could be

affected (see Baddeley, Eldridge and Lewis, 1'981).

Eyewitness accounts which depend primarily on visual

processing should be unaffected by noise and conditions, but

memory for speech may be affected, as well as speech perception.

Finally we must point out that there are other effects of

noise which are clearly not accounted for by the factors

identified in this research, such as effects on long term

recall, retrieval from long term memory, vigilance, reaction

time and dual tasks. In these cases explanations in terms of

distraction or arousal may well he more fruitful.
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f-r il.: p i i: t> rt I~ lit. R,sult I t'

Et e re c I iApet t I. t(1, ill -'sly Lo Ireloit oJI'ttr I

MIATERIAL AND METHOD.O

Ma te riaI : In experiment I, thtest iul i weru i 1i

Hfunter card-master, Word stioul" fwere Z"; eiu-fit

st imuili were 21i four-digjit numlbers. In; expertr,,i io

pres;ented on a T. V. screen via a micro-procti-s.; r Iil tr>

P rocediure :The subjects were tes tedl imdiviii II 111 - t -i--7-
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THE AFTEREFFECTS OF ANTICIPATING NOISE EXPOSURE

Cohen, S. and Spacapan, S.

Department of Psychology, Carnegie-Mellon University and Department of
Psychology, University of Oregon

INTRODUCTION

During the 1973 conference in Dubrovnik, David C. Glass and Jerome E.

Singer reported data from their classic series of experiments on the

post-stimulation effects of exposure to noise (Glass & Singer, 1972; 1973).

Specifically, they indicated that persons exposed to unpredictable,

uncontrollable noise perform more poorly on tasks administered after

noise termination than either those exposed to predictable and/or

controllable noise or than those not exposed to noise. Class and Singer

tentatively concluded that exposure to unpredictable and uncontrollable

noise produced aftereffects "because unpredictabilitv and uncontrollability

lead to a sense of helplessness which manifests itself as lowered

motivation in subsequent task performance" (Glass & Singer, 1973, p. 414).

Seven years later, Cohen (198') reviewed over 30 studies replicating

and extending the Glass and Singer aftereffect work. The review indicated

that the aftereffects of stress on performance occur as a consequence of a

wide range of unpredictable, uncontrollable stressors including noise,

electric shock, bureaucratic stress, arbitrary discrimination, density,

and cold pressor. Hence, post-stimulation effects are attributable to the



unpredictability and uncontrollability of stressful events and not to se

unique feature of noise or of any other stressor. Moreover, the two

dozen noise studies clearly indicated that the physical parameters of the

sound are relatively unimportant in producing aftereffects. That is, post-

stimulation effects were found over a wide range of sound levels and types

of noise. Cohen also concludes that aftereffects are not necessarily

attributable to helplessness. Instead they may be wholly or partly due to

psychic costs, shifts in arousal, overgeneralization of strategies evolved

to cope with the stressors, and mood shifts associated with stressor

exposure.
The present work is an attempt to gain further Understanding of why,

exposure to unpredictable, uncontrollable stressors results in post-

stimulation deficits in performance. Specifically, we are interested in

determining the role stressor expo_(sure plays in determining the effect.

Glass and Singer's helplessness interpretation was based on the sormpti n

that exposure to uncontrollable noise resulted in feelincs of leipleasn,:a

that interfered with performance on subsequent tasks. Other e:plnaltin ,

offered for stressor aftereffects similarly assume a key role for exposre.

For example, one approach argues that the effect is due to :: f iti tue t!1)it

results from coping with the noise. Another that is a result of

persisting in a strategy used during the noise period. In order to id, r,, >;

this issue, we started with the most fundament al question ahout the

relationship between exposure and post-stimulation ef fects. a.r

necessary to produce an aftereffect? Hence we lea i, ned ,a nuiber of ,

in which we attempt to produce aftoreffects witlhot e>:p-xinic -l!i,- to

the stressor. Our approach was influenced h,,, recent 1'. k in.

persons anticipating exposure to a Wtt-r.sr 1"t hav,

actually exposed (e.g. 17, N reenher, ,7 v5; i a:.



premise was that the mere anticipation of exposure to avcrc ive n.,il. "r

other stressful stimuli would be sufficient to produce an effect. In

short, if stressor anticipation is equivalent to stressor exposir-, ,nO

would expect that same effects found after exposure to noise to oc-ir dfter

the mere anticipation of exposure.

The typical design of aftereffects research, as conducted bv (;lass and

Singer (1972) and others, involves three conditions: a condition in which

subjects are exposed to a stressor, a nonstressful comparison condition,

and a third condition in which subjects are exposed to the stressor but

told that they can, if they so desire, terminate the stressor (sec Cohen,

1980, for a full review). Such perceived control has been found to

ameliorate or lessen the negative aftereffects of stressor exposure. In

the present study, this perceived control condition was added bv telling

one-third of the subjects that while they were going to he exposed to

noise, they could decide to terminate it if necessary. Our hvpothesis, in

this regard, was that expectations of perceived control w ild alleviate

the negative effects associated with expecting to be exposed to the niso.

METHODS

Fifty-five female subjects were randomlv assi,,ned to one of fhree
experimental conditions. All subjects were recruited to, pirtiiop:lte in

"two separate, short experiments" that together would take half an hour.
The experiments were to be conducted by different experimenter!s in

different laboratory rooms in the same building. This instruction allowed
us to separate the experimental manipulation (administered as part of the,
"first experiment") and the post-noise anticipation m.asire (f pC-fil mince
(part of the "second experiment"). This prevented the possihilitv that i
subject would expend less effort on the performance task oi c of her

dislike for &n experimenter who was going to expose her t'' an aversive

sound or her dislike for the experimental siuatiin in ,hi, hl t!- expc sr
would occur. Moreover, by keeping the second experime-nter bIind to t!he
experimental condition, we were able to avoid the possibility of
experimenter bias. Approximately half the sub iects in ciih conditl,,l
received one unit of extra credit for their participati on; the rmaiinillr
subjects were recruited through a local newspaper ad .ind were vid S,.10)

for participation.



Procedure

Subjects were run individually. Upon arrival at the laboratory,
initial measures of the subject's blood pressure and mood (on the
Multiple Affect Adjective Checklist; Zuckerman, Lubin & Robins, 1965) were
obtained. The experimenter then explained the subject's task (crossing
out the letter "a" in columns of words). Approximately one-third of the
subjects were also informed that they would be listening to bursts of noise
played through headphones, while they worked on the task. The noise was
described as the sound of a dentist drilling out a cavity, played at a
sound level "about as loud as the level of a jackhammer if you walked past
it while it was operating on the street" (NOISE condition). The subject
was then presented with a pair of headphones and a consent form describing
the experiment. Subjects were given several minutes to practice the task.
During the practice session, they were given a sample burst of the noise
(approx. 2 seconds at 100 dB(A)).

The perceived control manipulation involved treating another one-third
of the subjects identically to the NOISE group. Additionally, these
subjects were shown how a switch would turn on a light in the experimen-
ter's control room. They were told that "although it is important for tie
sake of my research that you listen to all the noise...vou may, if
necessary, use this switch to alert me to stop the noise" (NOISE PC condi-
tion).

The remaining subjects were told only about the task of crossing out
"As" (QUIET condition). Neither the consent form, nor the experimenter'
instructions, mentioned the noise. They were told that they would wear a

pair of headphones (unplugged) to block out any "extraneous ditractionQ.

They, too, practiced the task while wearing headphones.

The experimenter then gave the subject a questionnaire to ansvwr
which assessed their expectations about the noise and the der, whic h
they believed they would be able to terminate (control) it. , thi,
subject was working on the questionnaire, there was i knock at tw ,ir.
The experimenter answered the door and excused herself. A m,',fld ce%-r-

sation was held outside the door. This procedure was deemed nra s,1rv in
order to lend credence to the procedures outlined below.

After approximately 1 minute, the experimenter rejoined the si
The experimenter waited in the room until the subject had completed the
experimental questionnaire, as necessary. The experimenter then annoinced
that, due to scheduling problems and a backlog of subjects, there wo'ld not
be enough time to do both experiments. Therefore, the sulbject .. ..wou] not
have to be exposed to the dental noise after all. Even though they were
relieved of having to listen to the noise, the experimenter explained that
she wanted to go ahead and take their blood pressure and have them fill out

some forms, as participants in the "second experiment" with the "other

experimenter". The act of terminating the expectations in this manner
provided the opportunity to measure the aftereffects of expecting, ex>po.re
to aversive noise. Post-experimental interviews indicated that subjects
believed the experimenter's excuse for not participating in the nise ex-
periment. Support for the effectiveness of this instruction is also pro-
vided by previous studies in our laboratory that indicate decrease,!
anxiety and depression among subjects relieved of the expertation that they
will be exposed to a stressor (Spacapan & Cohen, in press).



All subjects agreed to this change in plans. The subje,-t's ,loed
pressure was taken and she again filled out the mood measure. le subjlct
was then led to a separate room where the second experimenter (1blind to
the subject's experimental condition) administered a modified versi'n of
the Tolerance for Frustration task used by Glass and Singer.

In this version of the Tolerance for Frustration task, the subject is
presented with two piles of line diagrams. Each pile is approximately I
inch tall, and contains multiple copies of the same diagram. The diagrams
are printed on 5 x 7 cards, and placed face down in front of the subject.
The task is to trace over all the lines of the diagram without lifting pen
from card and without tracing over any lines twice. The piles were placed
in a specific order such that the subject would work first on an insolvable
diagram and then on a solvable one. Subjects could take as many trials In
a given diagram as they wished. The subject could choose to continue
working on the same diagram, or move on the next pile (diagram) at any
time, but could not return to a previous pile after proceeding to another.
If the subject successfully completed the task for one diagram, she was
to proceed to the next pile immediately. The total time allotted for the
task was 10 minutes. The amount of time spent on each diagram was
recorded . The more time spent on the insolvable diagram (Diagram 1), the
greater was his/her tolerance for frustration (see Feather, 1961, for a
full description of the task and its development). All subjects were then
debriefed and had their height and weight measured (for use in the analysis
of blood pressure data).

RESULTS

Manipulation Check

Data collected on the 7-point scales (were 1 - not at all, 7 = very)

of the experimental questionnaire provided information on subjects' expec-

tations of stressor exposure. Subjects expecting noise felt the experience

would be more upsetting (NOISE M = 4.63, QUIET M = 1.47, NOISE PC M = 3.82;

F(2, 50) = 33.41, p < .001) and more stressful (NOISE M = 4.53 QUIET M =

2.19, NOISE PC M = 3.59; F(2, 49) = 10.50, p < .001) than subjects

expecting the quiet condition. For both of these measures, post hoc

comparisons by Scheffe"s method reveal that QUIET is different from NOISE

and from NOISE PC (all p < .05), while the latter two conditions do not

differ from one another. In addition, NOISE subjects felt more nervous

(NOISE M = 3.05, QUIET M = 2.06, NOISE PC M = 2.47; F(2, 49) = 3.43,

p < .04) about the experiment than the other two groups. Post hoc compari-

sons by Scheffe's method revealed that in this case, QUIET differed from



NOISE (p < .05). While the mean for the NOISE PC group fell between the

NOISE and QUIET means, it did not differ from either.

Subjects who expected exposure to noise also answered a scale

assessing the degree to which they felt free to have the noise stopped.

While subjects who expected to be able to control termination of the noise

felt more free (NOISE PC M = 4.23) than subjects without control (NOISE M

= 3.79), the difference was not significant.

Tolerance for Frustration

Time spent on the insolvable diagram (#I) was the measure of frustra-

tion tolerance; the less time spent, the less tolerance. An analysis of

variance on this measure revealed an effect of the manipulation (1(2, 52)

6.13, p < .01). Subjects who expected the noise without control spent a

mean of 281 seconds on the task, while those expecting to be able to

control the noise spent a mean of 437 seconds and those not expecting noise

exposure spent a mean of 425 seconds. Post hoc comparisons by Scheffe"s

method support the fact that while the NOISE group was different from the

QUIET group and the NOISE PC group (both p < .05), the latter two condi-

tions did not differ from one another.

Blood Pressure and Mood

There were no effects of the experimental manipulation; on to,

measures.

SUMMARY AND GENERAL DISCUSSION

When subjects' expectations of noise exposure were terminit,,!.

decreased frustration tolerance was observed ill th1ose sd he0( ts ' ht'

expected stressor exposure. Moreover, the expe- tit i, ,t Ion - I,

stressor termination lessened the negative impact of str .,-,r , , , I

after the anticipatin period. In sum, it is apparent t'.,l t', r. I

"I,



aftereffects of the anticipatory period that are similar to those produiced

by actual exposure to noise. It is noteworthy that we have found similar

aftereffects of the anticipation of immersing one's hand in ice water

(Spacapan & Cohen, in press).

It is not totally clear why there were no differences in blod

pressure and mood by experimental conditions. It could be argued that

these measures are only affected by actual exposure to noise, and n1t by

the anticipation of such exposure. It should be noted, however, that

studies of post-stimulation effects have not consistently found effects

on these measures, while work with the tolerance for frustration task hlas

been consistent.

The present research raises two important issues. First, it is un-

clear what mechanism is responsible for the observed decrease in toleranc

for frustration. Second, given the demonstration of the powerful nature

ot stressor anticipation, one might question the actual contribution (A

stressor exposure in producing "poststimulation" effects.

Possible Mediators

Heightened arousal, negative mood, and attentional overload are a few

of the explanations that have been offered for the poststimulatlon effects

of stressor exposure (see Cohen, 1980). It is noteworthy that aftereffects

of the anticipation period were obtained in the absence of evidence for

these possible mediators. First, neither self-report nor physioloRical

data support a heightened arousal hypothesis. Moreover, there was no

evidence that either self-reported stress, or blood pressure were affe ted

by the expectation of control. Second, the lack of differences between

stressor conditions in self-reported mood suggest that mood is likewise,

unaffected by the anticipation of stress exposure, and hence plays a

minor role (at best) in producing the frostration tel erance effects.



Finally, it is difficult to argue that attentional capacity was

seriously depleted in the present research, given the brevity of the

anticipation period and the absence of task demands during the anti 1u!tion

period.

There are a number of explanations offered for the post exposure

effect that are consistent with these results, although there is no direct

evidence that they are applicable. For example, it is possible that those

anticipating exposure to uncontrollable stressors use coping, stratevies

during the anticipation period and maintain these strateves even after

the expectation is terminated. Although a particular strategy may be

adjustive during the anticipation period, it may interfere with task per-

formance after expectancy termination (cf. Cohen, 1980). Similarly, a

preoccupation with the threatening sitdation may persist to some de rce

after expectation termination resulting in distraction that affects

performance on post-anticipation tasks.

It is worth noting that the fact that we fin, effects of anticipation

that are analogous to the effects of exposure does not definitivelv indi-

cate that these effects are mediated by the same mechanisms. However,

the similarities are striking and such an assumption is not unfounded at

this point.

Poststimulation vs. Postexpectation Effects

Is it possible that previously obeerved poststimulation effects arc

really "postexpectation" effects? We have demonstrated that stressr

expectations are sufficient to produce aftereffects. Given this demonstr-

tion of the powerful nature of stressor anticipation, one might well

question the actual contribution of stressor exposure in prdu iny -. tr,-5,r

effects. In other words, it Is possible that both durrng-exp,,ure ,nl
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SEX, AROUSAL AND FATIGUE DETERMINING NOISE EFFECTS AND AFTEREFFECTS

Loeb, M., Baker, M. A. and Holding, D. H.

Department of Psychology, University of Louisville, U.S.A.
Department of Psychology, Indiana University Southeast, U.S.A.
Department of Psychology, University of Louisville, U.S.A.

INTRODUCT ION

Recent experiments in our laboratory and otners have indicated

that the effects of noise are complex, varying as a fu~nction of task,

noise characteristics and significance, onset t ~,time nf Iay, and

gender of the subject.

This obviously is not the place for a comnprehensJve review of

previous findings on noise effect or thpor -, if ,riderlyinq icai'

but we do need to recapitulate somewhat. >n efet -eo)ort<t.

are differential performance on primary anc spicrov'-y tasks, 'oe

in detections on vigilance tasks or altered respnse, critc- a, "'o-

impairments, and A"rreffects indicative of lesser perevor it imi.

Among the if tereffects reported1 by Glass and Sinrier ~G3

perseveration on the 10501 ib I port inns of ttrr Fialhpr t isKVil

involves tracing geometrical des'gns. Oflher per form in,( " !,

have not bpen repl icated; the-ro alo 3-1 Om ~or i If 11 f

soch as aggressionn and relIict 1.n , in hiolpfilnes '3r'ib,' 7

Performance, def icits, h~ivo h(en ilfl blod I. 1 t o'l I oe

P I1%PAGLE

B _ _ _ _



(Glass and Singer, 197?) or Lrc tbt ual ,_rl A nJ 1 oo I. t -

tive fatigue (Cohen, 197Y1). Noise oharacterlstics 3fe criticar; * t

aircraft noises which have gradual onset do not produC¢- tht, t ff t t

while those with abrupt onset do (Percival & Loeb, 19_
)

9 L Thr..t

onset white noise bursts on the same intermittent schedule Jo nt.

Effects are increased when speech is meaningful, so that the u 1

Glass and Singer noise, a composite of iTachine roise and inte' , <

speech, though it had more effect than white noise, has enhan->

effects with loud meaningful speech (Rotton et al, 1971?).

The research which I shall discuss involves ar ithmet i. co,,ipta-

tion during or following noise. Some has been reported in articles

published or in press but we have not previously tried to synthesize,

our findings into one comprehensive view. Apparently simple paper

and pencil computation is unaffected by noise (Park & Payne, 1963).

When there also is a memory reqiirement noise bursts produce a deficit

(Woodhead, 1964). With the Norinder task, which requires simple

decisions as to when to add and subtract, noise reduces number of pro-

blems attempted (Frankenhaeuser & Lundberg, 1977). These latter

experiments utilized male subjects and were run in the morning. Our

experiments have been aimed at extending the generality of the find-

ings to both sexes, other times of day, and different tasks.

EXPERIMENT 1: NOISE AND SELF PACED COMPUTATION

Our first experiment (Loeb, Holding, and Baker, 1982) extended
the Frankenhaeuser and Lundberg study. We measured performance for
44 men and 44 women on the Norinder task, either between P and

10:00 A.M. or 4 - 8:00 P.M., in 55 dBA ambien' or 95 dBA white noise
for 50 minutes. Men completed siq;nificantly more problems in the
quiet than in the noise in the A.M., confirming Frankenhaeuser and
Lundberg. However in the P.M. a small and non-significant difference
in the opposite direction was noted. (This is shown in Figure 1.)
For women the differences were entirely opposite but not significant

statistically. Errors were relatively infrequent and uninfluenced



by the experimental variables. So it might be said that nois, slow-d
men in the morning and made then less efficient, 5ut this did not
happen in the evening or for women.

EXPERIMENT 2: RAPID COMPUTATION IN NOISE WITH CUMPUTE PRESENTATIOJ N

In a seconi experiment (Baker, Holding, & Loeb, in press) 24
young men and 24 women were presented with digits on a catrlode ray
tube, one at a tivae, at rates ranging from 2 - 4/second, with the
digit string length set at 6, either between 3 and 10:00 A.M. or
4 and 6:00 P.M. Subjects had to compute totals and respond witnir!
10 seconds; presentation and scoring was accomplished with a DEC
POP 9 minicomputer. Figures 2 and 3 show the most ,icportant res,Jlts.
In the morning men were faster and made more errors in noise than
in quiet. In the afternoon they were faster and nade more errors
in quiet than in noise. In brief, effects of noise for -en in the
morning, which suggest a speed-accuracy tradeoff, reverse in th
afternoon. Moreover the entire effect is opposite for womeri.
Interactions for sex, time of day, and noise are significant
(p .05 for RT, p .05 for errors.)

P M

PROBLEMS
PER BLOCK

AM

QUIE T NOiSE

Fig. I - Effects of noise and time of day on rate of work by men

(Norinder task)
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Fic. 2 Effects of noise, time of day, and subject sex on speed
of response in r.pid computation

DISCUSSION OF EXPERIMENTS ON COMPUTATION IN NOISE

In one way the noise effect on the rapid computation task is

opposite to that observed on the Norinder, at least so far as speed

is concerned. The tasks are quite different: instructions empha-

_ized speed (finishing more problems) in the Norinuer and signifi-

cant effects were noted only for speed. The rapid computation,

computer-controlled task emphasized accuracy, but speed is a factor

in two ways--the numbers were presented quite ra idly, and the

subject had to respond in a limited time (10 seconds) Assurlinq

thw Nnrin ser to he primarily a speed task and the rapid rompjt t -fn



task primarily an accuracy task, one might argue that effects on

efficiency in the two tasks are similar. This doubtless oversimpli-

fies the findings. One can say that there are are complex inter-

actions of noise, time of day, and gender on both tasks.

INCORRECT RESPONSES

2- Q
* MAOl
* O(MAi[

1 2 4 ~ SDNOW

AM PM SO

TIMF OF nAY

Fig. 3 - Errors in rapid computation as a function of noise, sex,
and time of day

We do not understand, either, the difference in the results

for men and women. However we do have temperature data from women

(Baker, unpublished) which suggest that circadian variation in

arousal is somewhat different in women.

NOISE AFTEREFFECTS AND FATIGUE

The secondary task technique has been used to assess fatigue

(Bahrick et al., 1952), noise (Hockey, 1970) and other stressors

-Q



(Bursill, 19 n, r! offtects are generally similar. This suggests

a coirimon Perh -an). d,'JJi: perseverance on the Feather task

following noise-Arl-wirk also might reflect fatigue. A secondary

explanation jdvuvin ,d o' G I as'; md Singer (1972) attributed the

effect to an overr auln nq ,f information-processing capacity when

noise is prfs,.,nt, a ce,,ept, which might be viewed as related to

Cohen's (1971 ) co, J)r tive fatigue hypothesis. It appears more

related to earlier . -ncepts of narrowing of attention by stress

(Bursill, 1953; Hockey, 1970a,b) than conventional notions of fatigue.

Holding, (1993) in a recent review of the concept of fatigue, has

emphasized the role of aversion of effort and of the tondency of

tired subject to "cut corners. As a measurement paradigm ("COPE")

he has suggested presenting a situation, preferably resembling that

which fatigued the subject, in which the subject chooses c, C of

several routes to a task goal, differentially lo3ded for effort

and probability of success. He predicted that the fatigued subjcrt

would shift toward lower effort at the cost of lowered probability

of success. Several experiments were described substantiatinq this

concept. If the concept is valid, and noise and fatigue activate

similar mechanisms, a similar methodology should be applicable to

the noise situation.

EXPERIMENT 3: NOISE and "COPE"

Our third experiment (Holding, Loeb, & Baker, in press) adapted
the COPE paradigm to measure noise effects on arithmetic. The task
required subjects to choose between lists of double-digits of
varying lengths in which they were to find a consecutive pair adding
to a target sum. Longer lists involved more addition operations
to establish the presence of the sum but also more probably co-
tained the sum. Lists contained either 7 dojble-digit numbers (6
possible additions) or 5 such numbers (4 additions) or 3 (2 num-
bers)--the ratio of operations being .3 to 2 to 1. Eight iroups of
12 suj i;,cts first performed one practice blo(k of 6 trials, then

'Ai



three scored blocks. Four groups then were exposed to 30 minutes
of 95 dBA white noise (Noise) and four to 55 dBA ambient sound
(Quiet). During exposure half the groups worked on the Norinder
task and half read at will. All subjects then were given 3 scored
blocks of 6 trials on COPE. Half of those experiencing Noise
exposure during Norinder work or reading worked COPE in noise and
half did so in Quiet. This was also true for those working on
Norinder or reading in Quiet. One would predict that noise or work
would shift COPE performance after exposure in the direction of
a shift in choices to those lists that are shorter, involving less
effort, with a lesser probability of containing the target number.

Figure 4 shows the shift in choice of lists, ir terms of drop
of choice in the predicted direction. A shift from an average choice
of the long list to an average choice of the medium list would be
a shift of +1.0; a shift in the opposite direction, -1.0. Note
that while the shifts are small generally they are in the direction
predicted. There was a sizable shift for work alone, for subjects
working and post-tested in Quiet. Interestingly, noise alone seems
to produce a shift in that direction, but a smaller one, while noise
following work abolished the expected shift. This is in line with
another of Holding's formulations, that a change in circumstances
often workt the same as a rest. Working in Noise and post-testing
in Quiet produced a larger shift than working in Quiet, and working
and post-testing in Noise produced the largest shift indicative
of fatigue effects.

Posttest

(il Quiet

4 EEJNoise
COPE

EFFECT 3-

2

0

Noise
-.1 +

Control Noise Work Work

Fig. - Changes in choice between pretest and posttest, due to
noise or work or both, with or without noise in posttest



A recent related experiment by Lysaght et al at the University
of Cincinnati (not yet published) investigated ihe effect of low
level (70 dBA) and high level (90 dBA) continuous white noise and
continuous Glass and Singer noise on low- and high-demand cognitive
visual vigilance tasks and subsequent aftereffects on the Feather
and arithmetic COPE tasks described above. Noise had no effect
on the low-demand task. Low-level white noise enhanced performance
(detections) on the high-demand vigilance task but at high levels
left performance unchanged. The continuous Glass and Singer noise
produced a progressive impairment on this task at the low level
and a greater but stable impairment at the high level. Both
vigilance tasks produced a significant shift in COPE choices similar
to that described above but noise level during vigilance did not
affect either COPE or Feather. The lack of effect on Feather tasks
is in line with previous findings on continuous white noise. Lack
of effect of noise on COPE may reflect the difference in work task
in this and the previous situation or other special conditions of
the experiment.

Our subsequent COPE experiments have been aimed at determining
the presence and nature of interactions of work and noise with sex
and time of day. To "improve" our procedure and eliminate experi-
menter effects, we first tried computerizing COPE. For our purposes
this seems not to be an improvement; it abolishes effects, possibly
because of subject fascination with computerized tasks. Other minor
alterations such as group administration also alter results. We
have therefore returned to our original task and are investigating
the interactions of interest.

INTERPRETATIONS

What are we to make of all this? In an earlier publication

(Baker et al, in press) we concluded that the effects of noise are

different from arousal. Many of the present findings support this

conclusion. The results reported by Lysaght et al--effects of

different types of noise on different types of task--might be inter-

pretable in terms of arousal.

One problem is that our terminology is confused. Arousal is

an effect or a complex of effects; noise, caffeine, time of day

and other variables manipulate it (them) and produce other effects.

There is good physiological evidence that noise and other sersory

input has certain activating properties. On the other hand s

Broadbent (1971) and others have pointed out, continuous noi-,e,



especially at moderate levels, may by masking insulate us from stimuli

that would otherwise activate us. Intense noise also produces

emotional reactions which vary with the individual. While this is

sometimes described as activation, such a view is doubtless over-

simplified. The conditioned helplessness view, which remains to be

validated, would also represent an emotional effect. It is not

unreasonable to believe that emotional reactions and the necessity

to inhibit response to distraction produces fatigue; this might

be evidenced as a lesser tendency to observe over a wide range and

a reduced tendency to exert effort. There may also be effects of

noise on short-term memory, though they are complex and not well

understood. Our data are not readily interoretable in these terms.

While it would be desirable to explain noise effects in terms

of a single mechanism, it probably is unparsimonious to do so.

It is very difficult to tease out the multiple effects of noise,

but we must continue to try.
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THE EFFECTS OF NOISE ON STRATEGIES 0OF HUMN PERFORMANC2,E

MRC Perceptual and Cognitive performance Unit, Laborator-y of
Experimental Psychology, University of Sussex, Brighton,
BN1 9QG, England

Recent studies have shown tha-t v:oecoratu inter.:;ity nY

does influence perforimance (e.g. Daeo and Wi lding;, 1977,

Lysenck, 1975, Hamilton, flockey aind Pojian, 1977; Jc.,:

Smith and Broadbent, 1979; S-illar, 1979; Sil'ith, n2

11? P3; -T11th-, Jones and Broadhbent, 1981, Whildinri and

* 1hidr ,19FO) . However, io t the ories which suoic;c-,t ta

hum:an perforiunc,- is shiift-ed 1', v no-c in anl invari ant- or

chlanicail fa:;hien have been. shown to be inadeqcuate. 'h.

is lareol y beacexpori! ental ,;tudi en have shown that

eh anqe: inl the lifFri culIty of the t an 1':, chanqes in thle

p robaohi 11 t y of needJ for act ion , ajnd chaiang, in t he f*e~j (-t

Prior ( xlp, ience 17ay abe Ii :h aor v(2n rove r- ecen a n ft

:ith, 1982; i th and freadibont, 19<-'', and tilb.

aindi roidhent. , 1981 , for a] dtali 61 0 ~!.o of I hl

'miy of thec t a-;-ks11 whIh hove' :;hown e-f fect: of oi o-tc

',z i t noi:, have ois( c v,-rha1l sat r il: and theI iad(

i t 1 -i y it t raet Ye t o th i-: in i) r of ain -fI -t o0



noise on internal speech (see Poulton, 1977: and Bradbbent,

1978). However, verbal tasks often present the subject with

several strategies of doing the task and noise may change the

relative efficiency of performing in one way rather than

another. Hamilton, Hockey and Rejman (1977) suggest that

in noise there is a faster throughput of information but re-

duced short-term storage. This view was supported by the

results from two experiments. A study of "closed system

thinking" showed that there was a slight benefit to be had in

adopt different recall strategies to subjects in quiet (see

Smith, Jones and Broadbent, 1981). Smith (paper submitted,

a) has shown that noise may influence which aspects of comp-

lex stimuli are successfully recalled. He carried out an

experiment on the effects of noise on recall of global

features and local detail, and he found that in quiet sub-

jects showed a bias in favour of recalling global features

whereas subjects in noise showed a preference for local de-

tail. The subjects were shown lists of stimuli like the one

below (a large letter made up of small letters) and they hid

to recall both the large and small letters.

M
M

M

M
M H H

WThen noise was present subjects correctly recalled :moru

small letters than large letters. This effect has : ome

similarity to the 'funnel vision' effect which has el en

been reported (see Broadbcnt, '1979).



Changes in task parameters often remove these noise-

induced biases and it seems obvious that the choice oi

strategy will depend on features of the task other than the

noise, and this plausibly explains why changes in the details

of experiments change the s trategy used and hence alter the

noise effect. Smith, Jones and Broadbent (1981) found that

in certain experiivents noise reduced the amount of clustering

in free recall, and this effect was found to be due to recall

in noise consistinc: of fewer words in the initial clusters

was impaired when there was a high storage load. In a

running memory task they found noise improved recall ]f the

most recent items but impaired recall of items earlier in the

list. How can this approach deal with the variation in the

effects of noise? If noise alters the relative efficiency

or certain processes or stages of processes then certain re-

sults will be obtained when these processes are used a great

deal and other results will be obtained when they are not

used or when they are used to a lesser extent. This type

of theory is referred to here as a "hidden defect theory",

and the noise-induced defect in the running memory task is

the reduced storage capacity. This suggests that the

effects of noise on running memory will depend on whether

there is a high or low memory load, and, indeed, Smith (in

press) has shown that Hamilton et al. 's results are only

obtained in high memory load conditions.

Fiecently, 'Smith (1982) has put forward an alternative

view of the effects of noise on performance and he has sug-



qiested that when -ubj,ct.: carry out a t<.J k } > (Xe.

performed in several different way .C, Ta-O;, ray 1. c to tIe

adoption of certain s trateoji t< in prt-, L'! .. utl Ih-r:.

This type of theory can b, di ;tcni n~hu , i rou. 1 , .iJ

defect theory and is re ferred to he re as t ra C"-t _c(i cv

theory. Some exa:ciples of r,ost influe!.finq 1: choc co '!

strategy will now be ;iven. There .c t1 .-LL

jects in noise ray adopt a maintenance eur.s.-i .t .t ,;

rather than an elaboration strategy (,,y cc ,c! L],:

1977). There is also evidence that IuT- t . ,

and greater subsequent recall of indvicual ..o. o...

recall strategy did not occur if either the cu)r.; I I i', 1

tained very weak instances of categorics (initial c! i-

was greatly reduced in this condition) or i x!-,-. t vt

categories were used (all words from the citteroiy I n 1. t )

be recalled in one cluster, henc, there was litti, .

sequent recall of individual words). In the' twO >r

there was no reduction of clusterino in noi c.

In many tasks it is obvious that one ;i rateiy sheul It

used in preference to others. A strat ecy nay be co: nant

because of instructions, previous experience, or sore Iaou,

of the task. Recent studies by S-mith (1982) anrd h.ini:,

Mohindra and Breen-Lewis (1982) have shown that no:- c il\

reinforce the use of the dominant strateqy. 'his vinw fit:,

in well with earlier conclusions about th em:ral effcct o

noise-induced arousal. Broadbent (1971) nc eto that vn

arousal increased the probability of sairp inn inforc ati ,i



from dominant sources. Recently, the theoretical Las s for

studying the effects of noise on perforsance has neen - us-

stantially revised and attentional selectivity is no longer

a mechanistic response to noise but is an aspect oF the

s<trategies adopted by the subject, not only in response to

the noise, but as a function of all experimental conditions.

Smith (1982) suggests that in noise the allocation of effort

moves towards the operation which appears to best repay the

investment of more effort. Given a complex task those parts

which are affected by noise are determined by a complex com-

bination of factors such as difficulty. instructions and the

salience of the stimuli involved in the task. Verbal tasks

are particularly sensitive to noise effects because they

offer a variety of strategies, and shifts of dominance or

preference can occur more easily than in data-driven tasks.

Some recent studies by Smith (papers submitted, b and c)

have examined resource allocation in noise by studying com-

bined performance on pairs of tasks. The difficulty of

each task was varied, so was the probability of doi c each

task, and also the priority of the tasks. The results

showed that the effect of noise depended on the extent to

which the two tasks competed for common resources wlich

-ould be actively allocated to one task or the. other. FcI

exa:mple, when a cocinitive vigilance task was paoreswflh a

proporf ion estimation task it was found that noi:(, impui -e,

performance on the vigilance task but had no (ffcet on the

estir-t ion task. This effect of noise was not altercc b;y



changes in the task parameters. Pefra cr u. i i-

lance task was influenced by change;, in ts aoee.

especially priority instructions (when it was t)( 1;Ish,

p~riority task there was a large isiproveT ernt in pro..ac

whereas when it was the low priority tas' pcorfor:onccwl1

impaired) . Perfors ancc on the proportion etst

on the other hand, was rot influenced Lv priority ii-Stric

tions or changjeF in difficulty and probability. TI t s

can be consiucred to involve pasvauto:.atic c

,;hich is not ii-proved by tine allocation of extra cnseu

effort.

Vhnthe vigilance task was co rriecl out ; I;ask

tak ttshwas infl1u, need! by caesin n ~ces

runninoi MerseOry tsa ce:s Pletely different ut

si ts wsoanc. In this experin;ent t1 'e_ t i- L)

peted for the sore, resources, and when,- the \11~

the high priority task, there was an iinprove~crt ir tli

and impairrmont in the runnin-, irer~orv task. . pIC roL 1t

pat tern of results- occurred when the cunn inory

given high priority. The nature of the noise ffstus

altered by changes7 in the task paaeFs. or xs'e

when there wore no priori ty ins~tructions lise 1; pt e

performance on the viqilance task but this, o-ffset wa, ie-

moved] when the vigilance task was give lyn i, gli p: ritY

These results, provide se,:ie support for- the iC;t, e

May influence the al location of proceso no e o es,

though they al so suggcest that thereo fecs(1' occur ";I1,11



certain types of task or task combinations.

The distinction has been made between passive, data-

driven or bottom-up models of human information-processin(e

and active, resource driven or top-down models. The latter

type of model would seem to form the more coherent explana-

tory basis of the effects of noise on performance, and this

applies to tasks using both verbal and non-verbal materials.

Most of the preceding account has been concerned with tasks

using verbal materials. However, Rabbitt (1979) has shown

that the effects of noise on the five-choice serial reaction-

time task (an increase in errors and/or gaps but little ef-

fect on the average reaction time) can be explained in tcr: s

of noise producing inefficient control of the speed-error

trade-off function.

The effe-cts of noise on the control processes may reflect

initial coping with a task and may disappear when practice

shows which is the most suitable method of doing the task.

.owever, effects of noise may also be long lasting and even

transfe to quiet -onditions. Asyrmmetric transfer effects

are well documented in noise research and it is of major

interest that a recent account of asymmetric transf-r o-

sidors the effect to represent a trinsfer of stratce(%

(Poulton, 1982). The effects of noise on the control pre-

Censcs may transfer from one experimental condLtion tc

another. For exasple , Smith (paper sub:-ittcc, d) ix:\ I-

rsated the effects of noise on recall o on( i

.associates . The ra0 cenal a ,hind the exi:
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noise should increase associative recall when this was an

obvious strategy to use (when the lists consisted of strong

associates) but not when recall by association was a less

obvious strategy (when the lists consisted of weak asso-

ciates). Subjects were shown two lists of words and the

first list consisted of strong associates and the second list

consisted of weak associates. As predicted, noise increased

associative recall in the first list. However, associative

recall was also better in noise for the second list and this

reflects the transfer of strategy from one condition to an-

other.

In another experiment, Smith (paper submitted, e) investi-

gated the effects of noise on a biased probability choice

reaction time task. Each subject carried out three blocks

of trials in noise and quiet: in the first block the three

light sources occurred with equal probability, whereas in the

second block of trials one light occurred more frequently

than the other two. In the third block of trials equal

probabilities were again used. There was no effect of

noise on the first block of trials but in the second block

noise reduced the reaction time to the high probability

source but increased it to the lower probability source.

This effect continued into the third block (the light which

had been the high probability light was still responded to

more quickly in noise and the other lights were responded to

more slowly even though they now occurred with the same

probability), and this shows that effects of noise on the

904



control processes can last for some time. This suggests

that subjects in noise can often be considered rather in-

flexible, and further studies are required to see how noise

influences subjects' ability to adapt to rapidly changing

tasks.

At the moment it is still unclear why noise alters the

efficiency of the control processes and why it produces

various strategy changes. These effects may reflect some

underlying change of state, such as a change in arousal

level, or they may reflect an attempt by the subject to main-

tain competent performance (see dones, 1983). It would also

be desirable to know which effects are specific to noise and

which effects are also produced by other factors. Broad-

bent (1971) produced two rough classes of variables affecting

performance. One class included noise, sleeplessness,

amphetamine and phenothriasines. Another class included

alcohol, time of day, barbiturates and the personality

dimension of introversion-extraversion. Broadbent sug-

gested that some variables (the first class listed above)

affect well-established processes whereas the other class of

variables affect a higher level which monitors and controls

the other level. The present account suggests that Broad-

bent's classification needs to be modified because noise

appears to affect the upper level rather than the lower

level. Further information about other variables and their

interactions should clarify this issue and show whether all

of Broadbent's classification needs to be turned around or



whether noise alone needs re-classifying.
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PRE VIOUS10AGE

LOUD NOISE AND LEVELS OF CONTROL: A STUDY OF SERIAL REACTION.

Jones, D.M.

Department of Applied Psychology, University of Wales Institute of
Science and Technology, Cardiff, United Kingdom.

INTRODUCTION

Among the range of tasks that have been shown to be sensitive to the

effects of loud continuous noise, that of serial reaction is one of the

most prominent. Typically, loud noise increases the number of errors

(e.g., Broadbent, 1971) accompanied sometimes by an increase in the

number of unduly long responses, known as 'gaps' (e.g., Hartley, 1973),

these effects becoming more pronounced as the task proceeds. In several

articles Poulton (e.g., 1981) has argued that the typical experimental

outcome can be accounted for in terms of the interplay of the arousing

and masking qualities of noise. There is an initial beneficial effect

caused by an increase in arousal, followed by a gradual decline in

performance to the pre-exposure level as the task proceeds. Performance

declines sharply when the noise is switched off, as arousal drops below

the norm, giving a so-called after-effect of noise. For tasks which

contain an element of acoustic feedback, the increase of masking in loud

noise acts jointly with the action of arousal.

Without the action of arousal, masking would produce a deleterious
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effect spread uniformly over the period of exposure. Loud noise

increases the difficulty of discriminating between responses (that take

the form of taps with a metal stylus) which hit the target and those

which just miss the target. This problem of discrimination leads to an

incidence of double-taps: the first (correct) response is perceived as a

miss and gives rise to a second ill-considered stab at the same response,

without a check on the state of the display. Although errors of both

long and short latency can be accounted for by this mechanism, it seems

unsound to do so. Evidence from studies of serial reaction in other

contexts reveals that repeated response are rather fast and that

responses that serve to signal or correct an error are also fast (see

Rabbitt, 1979).

Although loud noise makes the discrimination of acoustic cues more

difficult, this is overcome in the early stages of exposure by the high

level of arousal. Arousal encourages the subject to tap harder until

fatigue sets in. At this stage performance falls below the norm.

Perhaps the most surprising expectation is that tapping harder will not

have repercussions for the speed of response. An increase in intensity

of 30 or 40 decibels from a small non-resonant disc is likely to incur a

cost of speed and accuracy.

The task used here differs in several ways from that traditionally

employed, such modification being designed to reduce the magnitude of

acoustic cues. Large ballistic movements were eliminated by the use of

a 'piano-key' type of keyboard. The main means of reducing acoustic

cues was by means of ear-defender headphones which allow white noise to

be presented at the ear while offering attenuation in excess of 40dB to

ambient sounds. Aside from the primary interest in the effects of

removing acoustic cues, the present experiment also focused on81



performance in the period following exposure. In Poulton's terms this

is a period when arousal falls quickly below the norm. Several

competing explanations are nevertheless tenable. All are to some extent

predicated upon the relationship between performance during and

following exposure (see Jones, Auburn and Chapman, 1982). The

after-effect was studied in the present case by observing serial

reaction performance for 40 minutes with noise at either 90 or 60uBC for

the first 30 minutes with the remaining 10 minutes being conducted in

quiet.

MATERIAL AND METHODS

Subjects.

Thirty-two students were paid a small sum for participating in the
experiment. Subjects were screened audiometrically.

Equipment.

The serial reaction task was made up of four keys with, at the
distal end of each key, a stimulus light. Depression of a key operated
a 'Hall-effect' switch which produced minimal acoustic and electrical
interference. Each key-press served to bring on the next stimulus
(after a lO0msec. delay) with the sequence of lights being generated by

a software random number generator.

Subjects were assigned to loud or soft conditions at random. A
ten-minute practice session was followed by individual knowledge of
results. Subjects were required to work as quickly and as accurately as
possible until told to stop.

RESULTS

Correct Responses.

Although the number of correct responses was numerically higher in

loud noise over the four ten-minute periods of test, the overall effect

of noise intensity was not significant (see Table I).
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Table 1: Number of correct responses in each task quarter for Loud and
Soft noise.

Quarters

1 2 3 4

Loud 787.0 787.7 793.0 773.2

Soft 761.7 762.6 762.9 780.7

Gaps.

Responses in excess of 1.5sec. were regarded as gaps (see Table 2).

There were relatively few gaps and although there was the usual increase

in their number over the period of test (F=13.50; df=3,102; p<0.01),

the most marked increase being in the fourth quarter of the test, this

could be due either to the change to silence or to the fact that the

silent period signalled that the end of the test was near, the so-called

'end-effect'. However, there was no effect of noise.

Table 2: Number of gaps in each task quarter for Loud ano Soft noise.

Quarters

1 2 3 4

Loud 0.67 1.00 1.67 4.06

Soft 0.94 1.44 2.61 3.61

Errors.

Errors (see Table 3) showed a significant rise over the whole period

of test in loud noise (T=20; n=16; p<0.01) but the rise in errors in

soft noise was small and clearly non-significant (T=53; n-16; p>0.05).

A similar comparison between the first and third quarters of the task

(those periods over which there were differences in noise level) again

showed that the rise was significant for loud noise (T=18.5; n=75;

p<0.0
2
) but not for soft noise (T=40.5; n=15; p>0.05). Although errors

increase from the third to fourth quarter, giving some evidence of an

after-effect, this was only significant with a one-tailed test (Loud:

T=33.5; p<0.04. Soft: T=35.0; p<0.05).
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Table 3: Errors over task quarters in Loud and Soft noise.

Quarters
1 2 3 4

Loud 14.9 20.5 27.2 30.3

Soft 13.8 14.5 15.8 18.5

We now turn to a qualitative examinlatio'i of errors, loud noise

appears to increase the proportion of fast errors. This is shown in the

distributions of response times where the probability of an error is

expressed as a proportion of all responses at each cell of 50msec. (see

Figure 1). In the first quarter the proportions of errors are roughly

similar but by the third quarter, and particularly at speeds of response

below 300msec., the incidence of errors is higher in conditions of loud

noise.
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Fig. 1 - Error latencies expressed as a proportion of all responses in

the first and third quarters of the task in Loud and Soft noise.
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The speed of responses before and after an error are shown in

Figure 2. There is some evidence of speeding up before an error with

the error being much faster than the surrounding correct responses.

The speed of response is markedly diminished in the period following an

error: this effect extending over some three or four responses early

in the period of work but being very marked only for the response

immediately following the error toward the end of the task. Thu leesI

of noise failed to have any significant effect on any of these trends.

THIRD OUARTER

......- FRST OUARTER

700

N

- -4 -3- - ; + +3 4 +6+6 +7 6 4 +;0
POSITION OF RESPONSE WITH RESPECT TO ERROR

Fig. 2 - Speed of responses leading up to and following, an error in the
first and third quarters in Loud noise.

There was little evidence of a systematic effect of noise on the

key to which the error was made. In this case interest tocuses n th ,

incidence of errors which were remote from the correct key (that is, ,:i
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a key more than one finger's distiance from thu correct response).o,,'A

expressed as a percentage of the total errors there .,werc no significant

effects (see Table 4).

Table 4: 'Remote' errors in Loud and Soft conditions, expressed as a
percentage of total errors.

Quarters
1 2 3 4

Loud 16.14 23.87 17.87 21.41

Soft 13.07 12.43 19.39 21.79

CONCLUS IONS

By showing a significant rise in the number of errors over the

period of work in loud noise these findings have cast doubt on the

assertion that the effects arc due to a combination of masking and

arousal effects of the type proposed by Poil ton. Features of the data

do not lend support to the idea of an initial arousing fLfect of noise

followed by a gradual decline in arousal, culninatin, in a sharp drop

in arousal when the noise is switched off. lio ,ever, the findings do

not lend themselves to any other unanbipgout inte~rpretation. One

possibility is that noise serves to increase arousal and that this

effect slowly accumulates during the course of the task. Yet, such a

proposal fails to furnish exact predictions about the way in which the

deterioration in performance should occur.

Given that noise has only a modest effect in incr,,asing the speed

of response as shown by the probability distributions for correct and

incorrect responses but that it increases the likelihood that a fast

response will be an error, two explanations are suggested. The first is

that noise impairs the intake of information. Let us assume that tie

subject attempts to maintain the same overall distribution of responses

throughout the period of test. Any disruption to the intake of

Nj
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proportion of errors which is increased, rCena rdless of the absolut

number of fast responses, Si) that noise illcreases tie nlvaeLI7 of

responses that are 'converted' Lo errors.

These explanations share a similar sLambl Iing block. N oiso does

not have a clear effect on the speed of responses iead ing to and

following an error. In particular the response foilowing an error

exhibits a te iporary slowing, a sign of the process of reconnizing thaL

an error has occurred. Those explanations relyin g on soe iipa i men

by noise of the intake of information should, unless niodified, predict

that noticing that an error has occurred should he. in!p.AirCd i in tle sa:i.'

way that selection of the appropriate stimlus is impaired. it iterion

shifts stiffer a similar fate: the rate at which the spccd of i, sp,,,ns

returns to normal in tie five or so responoses followinam an error is
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COMBINED EFFECTS OF BROADBAND NOISE AND COMPLEX WAVEFORM VIBRATION ON
COGNITIVE PERFORMANCE

C. Stanley Harris and Richard W. Shoenberger

Air Force Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio 45433

INTRODUCTION

In our Laboratory, both subtractive and additive effects have been
obtained from studies on the combined effects of noise and vibration on
tracking performance, depending on the intensity level of noise used in
the experiment. When noise of 100-105 dBA was combined with vibration,
a less adverse effect was obtained than with vibration acting alone
(2,3,18). However, when noise of 110 dRA was combined with vibration,
the effects were greater than the effects of either of these stressors
acting individually (4,6). The generality of these results is supported
in that the effects were obtained across a rather wide range of
vibration intensities (0.10-0.30 G (peak) at 5 or 6 Hz) and durations
of exposure (19 min-2.5 h). The 7 inding that noise, depending on its
level, can either accentuate or ameliorate the effects of vibration
suggests that some of the effect of vibration on tracking performance,
in addition to purely mechanical interference, may be related to
cognitive factors. However, the combined effects of noise and vibration
on cognitive or intellectual tasks are not clear. Harris and Sommer (5)
found either 100 dBA or 110 dBA noise combined with vibration produced
more adverse effects on a mental arithmetic task than either stressor
acting alone. The difference between conditions was small, even though
statistically significant, and an attempt at replication yielded unclear
results. Nevertheless, the results agreed with some previously obtained
by Huddleston (9,10), who found an adverse effect of vibration on a task
involving mental addition and recent memory. Other investigators,
however, found no appreciable effects of vibration on various cognitive
tasks (2,16,17).

In the present study, we have extended our previous research on the
combined effects of noise and vibration on human performance by using a
cognitive task that holds more promise for showing sensitivity to
stress, and by using complex waveform vibration, which is more like
operational environments than sinusoidal vibration. The task is a
version of the Complex Counting Task (CCT) originally used by Jerison
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(11-13) to study the effect of noise on performance and, more recently,
used by Kennedy (14,15) in vigilance research. The task seems likely to
be more sensitive to stress than cognitive tasks we have used in the
past because it requires the continual attention of the subject and is
experimenter paced. Broadbent (1) has pointed out that many failures to
show adverse effects of noise on human performance may have occurred
because the investigators used tasks without such characteristics.

The purpose of the present study was to determine the single and
combined effects of 100 dBA broadband noise and complex waveform
vertical vibration on cognitive performance. To this end, the same
subjects were tested on the CCT during exposure to 65 dRA and 100 dBA
noise, both with and without vibration.

METHODS AND MATER!ALS

Subjects: Twelve male Air Force military personnel, who were
volunteer members cf the AMRL Vibration Panel, served as subjects. Thpy
ranged in age from 23-40 years. They had undergone extensive physical
examination to qualify them for participation in vibration experiments
and received incentive pay for serving on the panel. The hearing of all
subjects was measured in the frequency range of 500-6000 Hz before and
after the experiment by standard audiometric methods.

Test Facility: The vibration was produced by an Unholtz-Dickie
electromagnetic shaker (Model MA 250D). Subjects sat in an unpadded
rigid aluminum seat mounted on top of the shake table. They were
restrained by a lap belt and shoulder harness. On all vibration runs,
the acceleration level was monitored continuously from a linear
accelerometer attached to the table. The accelerometer readings were
amplified and passed to a strip chart recorder, and a true R.M.S. meter.
Before every run, the acceleration level for each of the five sinusoids
of 2.6, 4.1, 6.3, 10, and 16 Hz was set at the ISO 1-h Fatigue-Decreased
Proficiency level. All five frequencies were then combined to produce a
quasi-random sum-of-sines vibration, which had an acceleration level of
0.36 R.M.S. G .

The noisfe exposure was produced by a Grason-Stadler type 1285

white-noise generator, amplified by a Grason-Stadler amplifier type
1288, attenuated by a Grason-Stadler 1293 attenuator, and passed
bilaterally to TDH-39 headphones worn by the subjects. The noise
spectrum measured under the headphones was flat from 2500-6500 Hz and
dropped off 5 dB per octave below 2500 Hz and 20 dB per octave above
6500 Hz. Noise levels of 65 dBA and 100 dBA were used.

Task: The Complex Counting Task (CCT) was used for measuring
performance. On the subject's console there were three small lights
mounted on a vertical panel, and three buttons on a horizontal panel.
Each of the lights flashed at a different rate. The light on the
subject's left flashed once every 13 s, the middle one every 5 s, and
the one on the right flashed every 9 s. The task was to keep a
simultaneous count of the number of flashes of each light. The subject
was instructed to press each light's button every sixth time the light
flashed. On an experimenter's panel located in an adjacent room,
separate measures were obtained for subject's responses to each light.
For each light, scores for total responses, early responses, and late
responses were obtained. An early response occurred when the subject
responded before a light flashed six times, and a late response anytime
the subject responded after a light flashed more than six times. A
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Dercent correct score for each light was calculated for th--e IO-min
trials during the 30-min experimental testing period for each subject.
These scores were used for statistical analyses.

Procedure: Upon arrival at the laboratory the subjects were told
about the general nature of the experiment, and informed about the
amount of time that would be required. They were then given training on
the CCT and instructed to keep alert, to maintain an independent count
of the number of times each light flashed, and to push the appropriate
button after each light had flashed six times. The instructions were
patterned after those used previously (7,11).

Testing for each subject was conducted during six different
sessions, two practice sessions, and four experimental sessions. All
testing for each subject was completed within a 2-week interval, with a
minimum of 48 h between sessions. During the two practice sessions, the
subject performed on the CCT in the same manner he was to perform later

gO
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Fig. 1. Percent correct on complex counting task at no
vibration and complex waveform vibration with both noise levels.

during the experimental sessions. On each test day, the subject was
given a 5-min warmup trial, and then tested continuously for 30-min
under one of the four experimental conditions. Subjects were informed
of their scores on the task at the end of the 5-min warmup and at the
end of the 30-min test session. The experimental conditions were 1) no
vibration, 65 dBA broadband noise, 2) no vibration, 100 dBA broadband
noise, 3) 0.36 R.M.S. G sum-of-sine vibration, 65 dBA noise, and 4)
0.36 R.M.S. G sum-of-sihe vibration, 100 dBA noise. Each subject was
administered fhe experimental conditions in a different random order.
The vibratory and noise stimuli were presented continuously during the
experimental conditions in which they were used.

RESULTS AND DISCUSSION

A four-way Analysis of Variance (ANOVA), based on a repeated
measurement design, was calculated on the performance scores. The main



variables and their interactions examined in the ANOVA were Noise (N),
Vibration (V), Lights (L), and Trials (T). Statistically significant
effects were obtained for Lights (F(2,22) = 5.58, p<0.025), Trials
(F(2,22) = 5.50, p<0.025), and the N x V interaction (F(1,1l) = 10.36,
p<O.01).

The most interesting effect is the N x V interaction. Fig. I shows
that the effect of noise was reversed as a function of vibration. When
there was no vibration, the 100 dBA noise produced poorer performance on
the CCT than 65 dBA noise; when vibration was present, performance was
worse with 65 dBA noise. Table I gives the results of t tests for all
possible differences between the means of the four experimental
conditions. These tests indicated that both the 100 dBA noise and the
combination of 65 dBA noise and vibration produced significantly poorer
performance than the control condition (65 dBA noise alone). This
result is similar to those of our previous studies using tracking
performance. In all studies, the adverse effects of vibration were

TABLE I. RESULTS OF T-TESTS FOR DIFFERENCES BETWEEN
MEANS OF EXPERIMENTAL CONDITIONS.

Experimental (1) (2) (3) (4)
Conditions 65 dBA 100 dBA 100 dBA 65 dBA

+ Vib. + Vib.

Ordered Means 88.1 83.1 80.9 78.8
(Percent Correct)

Differences (1) 5.0 7.2* 9.3**
Between (2) 2.2 4.3
Means (3) 2.1

* p<0.05
** p<O.01

less when it was combined with 100 dBA noise than with 65 dBA noise.
However, two effects were demonstrated that had not been obtained
previously. First, an adverse effect of 110 dBA noise on the counting
task was obtained. Previously, a 100 dBA noise was required to
adversely affect tracing performance. Second, a clearcut adverse effect
of vibration on a cognitive task was demonstrated-vibration plus 65 dBA
produced an adverse effect. This finding is contrary to most of the
previous studies on the effects of vibration on cognitive performance.
The reason may be that a more sensitive task was used for measuring
performance and/or that complex waveform vibration was used in the
present study instead of the sinusoidal vibration used in most previous
studied.

There was also a significant effect for lights. The mean for light
3 (9-s rate) was significantly smaller (p<O.05) than the means for
lights 1 (13-s rate) and 2 (5-s rate). This is the same result obtained
in a previous study where the CCT was used to evaluate the effects of
infrasound (7). In both studies, performance on light 3 was poorer than
performance on the other two lights.
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The trials effect indicates that performance deteriorated as a
function of time. Performance on trial 3 was significantly poorer than
performance on trial 1 (p<0.05). Fig. 2 depicts the interaction of
vibration with trials. Although this interaction was not statistically
significant (p<0.10), the trend of the data suggests that, had testing
continued for a longer period of time, the trials effect would have been
significantly greater when vibration was present than when it was not.
This is an interesting possibility since the ISO standard for vibration
exposure (8) assumes that the performance effects of vibration intensify
as a function of duration of exposure, but there is little evidence to
support this assumption.

U
W _ NO VIBRATION

0 0
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Fig. 2. Percent correct for vibration and
no-vibration conditions for 10-min trials.

SUMMARY AND CONCLUSIONS

The performance of 12 sub.iects was measured on a Complex Counting
Task during exposure to each of four experimental conditions for a
duration of 30 min. Two levels of noise, 65 dBA and 100 dBA, were
presented both with and without 0.36 R.M.S. G sum-of-sines
vibration. Combined 100 dBA noise and vibration producid less adverse
effects than the vibration combined with 65 dBA noise. This result
agrees with our previous studies using tracking tasks. However, two
effects were demonstrated that had not been obtained previously. First,
a clearcut adverse effect of vibration on the Counting Task was
obtained. Second, an adverse effect of 100 dBA noise on the counting
task was demonstrated. Previously, a 110 dBA noise was required to
adversely affect tracking performance,
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TASK TYPE, TYPE A AND B AND SENSITIVITY TO NOISE

Moch, Annie

Department of Psychology, University of Paris VIII (France)

INTRODUCTION

Any environmental event, be it physical (e.g. noise, heat) or

psychological (e.g. emotion) is capable of eliciting a stress reaction,

depending on the subject's appraisal of its potential threat (Lazarus

1966, Class & Singer 1972, Cohen 1981). Knowing how we select, inter-

pret and judge information is a prerequisite to unlerstanding the ef-

fect this input has on us (Moch 1981, 1982). Studies of differential

sensitivity to noise stress as a function of personality differences

are still contradictory and cannot be compared due to the lack of Ctan-

dard measurements (Levy-Leboyer 1975).

Among the many personality factors which mediate the relationship

between the individual and his environment, we have chosen to study the

behavioral patterns called type A and type B. Type A, described tot the

first time in 1959 by Friedman atn Posenman, if characterized hy high-

pressure, competitive, driven behavior, and is considered to he related

to premature atherosclerotic heart disease (coronary-prone [ ,havior).

Pattern B is characterized hy the relative ah-,ence of these traotn.

Types A and B are the extremes of a hipo lar cont iMnuw on whic!. any



person could be located.

Some studies have found di ff.rcntil p i,)lo gica I, !.,vI i I

and cognitive reactions to stress as a funct ion of th( A/3 pattrtn t 'i

Pittner & Houston J1980) found that type A and tB subjeets !:1o(w ' c-ritiv,

differences in their way of coping with stres," in the. foim (If a tit, t

to self-esteem or threat of electric shock. Type A sul1,,.cts; avoid thin-

king about the stress, deny the threat and report e e; utj i t iv, AtI,

although they manifest more psychophysiological aus_,:al.

A study by Carver, Coleman & Glass (1976) showed that typt A in-

dividuals exert greater effort on a treadmill exercise test than cI, t ,

B, and report significantly less overall fatigue. A study iI Clas:s (1977)

showed that type A individuals deny the aversiveness of noi :,.

The present study examined sensitivity to noise in type A and P

behavior patterns as a function of the type of task. We hypothes:istd

that type B subjects' evaluation of the aversiveness of noia-,e wsould s1'

more related to task complexity than would type As'.

MATERIAL AND METDIODS

1. Subjects

We randomly selected by Bortner's I'tench version set (1969) 26

female undergraduates at the University of Paris VIII who scored in
the bottom quarter of a pretest distriution as; e ini type. B (lw sct-
res indicate type B behavior) and 20 who scoted in the toI quat r if
the distribution as being type A.

The scale's validity and reliatility hav, be(n demtnst rated [y
several European research teams (Defourny, Ftankigotul 1976 ; Picht,
de Bonis, et al 1977). This scale consi!t (1o 14 itcms . The suL j(tet
rates himself on each item (a bipolar continuum) on a eal, IM I ill
24. His total score is the sum of his; 14 s'll-tating;.

II. Procedure

Subjects were individually expos;,d to, a , L, f equny (1() 1171

s~ts

iIi



t one pretsenlted thtr ough Sony DR S 3 eariphone s w i ch h'.ave bee n ca 111hra t d
by a iBruel & Kjser noise analyzer with an artificial ear. The niein-
creasesF about 6 DbA every two'nty seconds until it reache- 1 101 DL A.

Each subject car ried out two tasks;. The first consisted in cr0.--
s ing out those signs, among many others, which matched a model ('Zze
cross-out test) . The second ons i sted in) wt it i ng down all the nonsc--..
svy1lab les reca lied after one presentation of a list of 201.

11Te subjects wet e tc id thley ighjjt heat noise throught the e at he-
nec. They were in ;t ructed to si3ns 1 if the, noise- ciis turhed th-ei wet k

REStLTS

P'sj'onses (i ndicat ion that the noise was dis$t urhi ng) wete scoi ed

on a scale ft toim I to 8 . "One," e prese(nted di s t urhance indica ted at 68

IlbA and "eiqht", at 11ll) PhA. If the sulii wet made no response, t!,( m1a-

ximum scoe h igi toleorance) woa 3ivenl. Tut le I gives the mess;: ofsen

itiv ity to noise,.

TSKI TASK I

71YPFE A~ M A= 6) - 2A=6

TIYPE B i'13 1z 6,3D ) M2 II3zS, 4 0

'rala I - Miean-, of seis it ivit y to noise.

I t We i II last rate this t esul t we obtain table 2.

T ()

'Table 2 -Meians of sensi tivi ty to noise as a fitnet ion
of task type and behavior pattern (A/'B)



It can be( seen on the grapjh above that there is "di f ferential

effect as a tunction of the A/B dimension.

Means of the two groups are very similar in the first test,

m A = 6. 15, tI L = 6.30 (F = na), while the,., diffei in tht- second tes t

m 2A = 6.40, m B = 6.30 (F(l /th) = 4.78 p<.0 ,). Type A sutbjects consis-

tently maintain their level of toleranc,. On the other hand, type B lu-

wer theirs in the memorization task, F(I/19) = II.1 <. .1.

The analy:sis of variance of sensitivity to noise revealed a signi-

ficant main effect for type of task, F( 1'/ 8) 7.90 p <.01. There is not

a significant main effect for the A/B dimension, F(/ 38) = 1.55 ns.

The interaction of A/B and task, however, is significant, F(l/ 38) = 9.86

p <.01.

Table 3 gives the number of subjects who maintain, increase or

lower their sensitivity to noise.

6 2

Table 3 - Number of subjects who maintain, increase
or lower thier sensitivity to noise

A post-experimental rating of three noises (low, medium, high) on

a seven point scale showed that noise intensities were clearly diffe-

renciated for all subjects, F(2,36) = 267.49 p<.001.

There is not a significant main effect for the ABr dimension,

F(1.38) = 0.54 ns. The interaction of A/B dimension and noise intensi-

I it I - -- ... . . ..... ~~ i - I II~ i. .. - "I-- -



ties is not significant, F 2. 76) = 0.14 ns.

DISCUSSION

Results of previous studies of the effect of noisie or:, i I o

often differ, cut they agree on the fact t. 't simple, r epet it PV. t 0

(like crossing-out) are generally unaffected iy noise. Mer( , ::l lx

ones, such as intersensory integration and cognitive tac k: if<, i. t

arithmetic and problem solving, are often detrimentally affcti C r.,

1980). Memorizing is also said to be highly affected my noise, t:., 7-'.

effect occurring in input processing and storage (Witterc.,, iT,

Spence 1977).

The results of this study show that subjects working on a task

react differently to noise. Type A subjects maintain their noise tole-

rance regardless of task, while type B subjects are more sens it--e 1:

a complex one, being aware of the disturbing effect of noise on meso-

rizing.

Since the two types do not differ in their capacity to ovaluate

noise intensity, differences can be explained by their response2s to

the environment while carrying out a task of high compl(,xit'
"
.

The results confirm the hypothesis that (ehavior patt, tn; A nd

B mediate subjects' dealing with environmental inplut saLd -in ;1o1 ,.

Type A subjects, character i.sd J.y intense achFemen t rvinl,

have a greater investment in their work. Thin often show.: up in an

increase in physiological mreasure.; of autonomic activity, siclh - l(rod

pr-ssure, heart rate and cholestetol s7er um (oldi-anld 1980, Loval 1o

Pishkin 1980, Carver, Coleman N Glla:ss ((miO) ait t h their I'-'' I ,I



per foms... .e is. rut !.WC. 5 I y.... . .I 11.

ltiuwevui , it I dlIif ic lt tt} ' , r " w4. . ,

v st tenIt , they pay ] L .,. Ittit oll1 t .1 1 X

cognitive me.chanisms to duny thu J- tvi,, i

expetience less us ;,: 3vCtLV is.t t IsS.

T'!ype A sal cuts appeat tO .-e ada:t 0 1 1

the environment. In this study som , SM . ,1.

commen t or compla int. We eI well us :i)n t.

uf such adapta t ion, and tile pot-itt ii .isks, .c:.

sease, which it entails. The type A patter fl : l- -. -. I ,

to physical arid mental health, because of ti,- -,!at i., ti C-

peated efforts to overadapt to stress.
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STUDYING THE AFTER-EFFECTS OF NOISE ON REACTION TIME BY APPLI-

CATION OF VARIOUS MODELS OF TIME SERIES ANALYSIS

Mehnert, P. and Gros, E.

Universitat DUsseldorf, Institut fUr Arbeitsmedizin,
Bundesrepublik Deutschland

INTRODUCTION

Changes in performance due to noise disturbance are the

most controversial topics in the field of research on noise ef-

fects (BROADBENT 1979; BURNS 1973; GULIAN 1973; KRYTER 1970;

MILLER 1974; POULTON 1979). The relevant scientific literature

presents the following findings: There are studies which prove

that performance increases under the influence of noise and

those which maintain just the contrary. Others could not find

any effect on performance at all (summarized by LOEB 1980).

Completely non-transparent are the so-called after-effects,

that means noise may produce performance alterations not only

during exposure, but may occur after its termination (GLASS &

SINGER 1972; COHEN et al. 1973). A possible explanation of

this problem may be the different use of the term performance:

The most varied forms of reactions (e.g. control activity,

opportunity to choose, rapidity of reaction, learning achieve-

ment, memory training etc.) are all included among perfor-

mance. Usually they are measured with regard to their quantity

(e.g. volume, speed) and/or their quality (e.g. grade, accu-

racy, frequency of errors.) Especially when investigating per-

formance alterations after sleep disturbances caused by noise,

accuracy and speed tests were used (WILKINSON 1968, 1970;

WILKINSON et al. 1980). WILKINSON (1969) has pointed out, that

PA LMNO l-



the w a y in which a stress factor affects performance me-

rits more attention. Therefore our main interest was not to

study the absolute speed or accuracy of performance but we

tried to examine a further aspect: The rhythmicity, i.e. the

steadiness of performance over a certain time period.

MATERIAL AND METHODS

The experiments have been carried out on 20 subjects. To

study the influence of noise disturbed sleep on people's per-

formance the next day, four-choice reaction time tests (see

WILKINSON & HOUGHTON 1975) were recorded during 12 mornings

in the subjects' homes. The experimental scheme followed an

A-B-A design (control-experiment-control). The experimental

condition consisted in wearing earplugs or opening the windows.

The average difference between the "noise" and "quiet" condi-

tion was about 10 dB(A) . All subjects slept under both noisy

and quiet conditions during 12 consecutive nights each. The

experimental condition was executed during the 6th to the 10th

night. The individual differences in performance rhythmicity

should be tested between noise and quiet conditions. Because

of eliminating practicing effects (WILKINSON et al. 1980), we

did not examine average reaction time by arithmetic means

but we tried application of time series analysis (JENKINS 1979;

KENDALL 1973).

Time series analysis is an often used method for analyzing

data, which occur sequentially in time. Applications can be

found in a wide variety of fields like economics, social

science, engeneering, physical and biological sciences. There

are two approaches to time series analysis, a frequency domain

(or spectral) approach and a time domain approach. In the se-

cond case the main point of interest is to find an explicit

parametric model for describing the data. Among these models

are for instance the well-known autoreqressive and moving averaoe

models (BOX& JENKINS 1976). Applications are control and fore-



casting of time series. In the frequency domain approach it is 11

assumed that each frequency (period) within a given ranqe con-

tributes to some extent to the oscillatory variation of the

'data over time (CHATFIELD 1980). The spectral density functon

shows the distribution of the variance of the data over dif-

ferent frequency bands and allows to detect cyclic components

in the data.

In an earlier study (JANSEN 1980) we used tne frequency

domain approach to analyse physiological data, which have

been taken over a period of 45 minutes without and with di-

rect noise exposure to the subjects. The results of this

study enforced us to applicate this method to the reaction

time data described above.

There are two main mroblems to solve: The first problem is

to examine if there are regular oscillations (rhythmicities)

in the reaction time data by estimating the spectral density

function; a so-called spectral analysis has to be done. If

such rhythmicities can be detected, the second problem is to

study the variation of the spectral density function paying

a special attention to the different experimental conditions.

But before starting this research, some assumptions have to

be fulfilled for the application of spectral analysis. In the

first place the analysis is based on equally-spaced data in

the time domain. Because the reaction-time data does not fol-

low this assumption, a data transformation has been necessary.

We chose a simple piecewise linear approximation and than

computed the new values at constant time intervals, namely the

arithmetic means (Fig. 1). This implies, that an existing in-

dividual rhythmic component is not affected by the transfor-

mation.
Secondly, a time series should be stationary, that means

that the statistical properties of the time series are inde-

pendent of the time. If there is a trend in the data, it is

to be removed before performing spectral analysis. In order

to avoid the problem of practicing effect, a linear trend
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Fig. 1 - Transformation of reaction time data to ,piually-
spaced data.

with least squares criterion has been computed for each of

the 20 x 12 trials and afterwards the residuals have been ta-

ken for the further analysis. The main feature of the spectral

analysis is estimating the spectral density function. A plot

of this function is called the (power) spectrum. An example

for such a spectrum is shown in Fig. 2.

The computation of the spectrum is done in three steps:

I) Shift the time series stepwise until the so-called trunca-

tion point is reached and compute in each step (lag) the

autocovariance function.

2) Weight the truncated autocovariance function by a so-called

lag window, in order to get a consistent estimation of the

spectral density function.

3) Transform the truncated and weighted autocovariance func-

tion from the time domain to the frequency domain by com-

puting the spectrum.

L ,i
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Because of the fact, that there exists no fixed rule for the

determination of the truncation point and that different lag

windows can be selected, several models have been tried. For

the final computation of the spectra of all trials we chose

the Parzen Window and a truncation point of 200 lags.

RESULTS

The followingvariables have been derived from the spectra:

- lag (SPI) and period of oscillation (SP2, in seconds) cor-

responding to the maximal peak,

- width of the maximal peak with regard to the value of 0.5
in the normed spectrum (SP3) , measured in number of lags,

- nurber of lags with the normal spectral density function

greater 0.5 (SP4),

- SP5 = 100 x SP3/SP4,

- SP6 = 100 x SP3/201.

The value of 0.5 has been chosen in the spectrum to avoid

interpretations of stochastic components. Because of the dif-

ferent time intervals in the trials, the estimated spectral

density function has been evaluated at the points

w =q(x 1/200 (1=0,1,..., 200), whereby w1 is measured in ra-

dians per unit time and 1 is the value of the corresponding

lag. From this it follows that the spectra can be compared

with each other. The width of the maximal peak gives an idea,

how good the main oscillation is seperated from neighboured

oscillations. The last two variables indicate the power of the I

main oscillation. Table 1 gives some basic statistics of the

spectrum variables.

Table 1: Basic statistics for the spectrum variables

AM Median SD

SPi 26.2 25.5 5.9

SP2 6.6 6.3 1.8

SP3 15.1 15.3 5.6

SP4 20.5 19.6 7.1

SP5 76.7 81.3 21.4

SP6 7.6 7.6 2.8



Obviously the results show the existence of a main oscil-

lation in all trials. The lag of the main oscillation is con-

centrated at lower values with a corresponding period of os-

cillation of 6.6 seconds on the average, which implies a mean

number of 16 reactions per oscillation. By the inspection of

the plots of the spectra and the results for the variables

SP5 and SP6 follows, that the total power of the spectra is

concentrated at the main oscillation and the spectra are ten-

ding to zero with increasing lag. This fact suggest that there

is no aliasing effect (LEINER 1978) and that the determination

of the time intervals has been in the right order of magni-

tude.

The second aspect to be taken into consideration was to

analyse the problem, if there are any changes in the spectrum

variables under different experimental conditions. Table 2

shows the AM of the spectrum variables with regard to sub-

groups and conditions.

Table 2: AM of the spectrum variables corresponding to expe-

rimental conditions

Earplugs group

Noise Quiet Noise

SPi 26.3 26.5 26.4

SP3 15.4 15.4 13.6

SP5 81.6 72.4 73.7

SP6 7.6 7.7 7.4

Window group

Quiet Noise Quiet

SPi 26.4 25.5 25.0

SP3 13.9 15.8 17.0

SP5 73.1 76.8 87.6

SP6 6.9 7.9 8.6

Test statistics have been computed with the result, that



no significant differences either between the groups nor bet-

ween the conditions within the groups could be established.

An interpretation of this results could be, that under the

aspect of studying after-effects of noise, the duration of

the trials should be extended (in any case more than 10 minu-

tes per trial).

CONCLUSIONS

Our results suggest, that time series analysis is a useful

method for the examination of reaction time data. The e'dstence

of a stable rhythmic component could be demonstrated. Study-

ing the after-effects of noise on the derived variables of

the spectral analysis shows no significant changes in the va-

riables with regard to different experimental conditions. This

result leads to the assumption that the rhythmicities are not

affected by short trials because of their stability. There-

fore the duration of the trials should be extended when stu-

dying after-effects of noise. Furthermore it seems to be use-

ful to study direct-effects of noise on reaction time with

the help of time series analysis.
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PROPOSAiL FOR A SCtFNTIFIC: PROGRAM

Deo Irt III,-Irt of PsyW-1, lI v'v-rs it. ir Wriuk, Cjv: ;tr x i-S.i,

t)'f irt Im-i of l'sycjioluxjy, C-rr(p---M- ll U::i' VrW I -' 't l, _ i SA

In the last two) roy Lws Cu nuise (I- potri-nc vi -n h)-i

Iu 1180 ihve roema rkod , saidIy , t i. it (josh it- rodi nmndr -, stud io(s

v ory 1 ittlFe prugrtoss has bi(n iacfiiuovt-d in uiders tondi n- the( effeuc ts I-i

iluise on human bejaijour. it is, therfuore , grati fv irs to 1,( il le to

say, at last, that th~e situation appears to be slowly changingq. As was

sho-wn in Broadbent' s ri-v tow and iii the papers prusenited in our soession

we -ire beginining to form a clearo-r picture of the intervening, faictors

which account for the hiuman behaviour in response, to noise. The reason

for this lie-s primarily, we think, in a change of iomphasis in noise re-

sea rch. Until the mid-seventies the )))ilk of reseairch was onl the effects

of noise on perceptual-motor skills, and the ml -,n variables, taiken into

consideration were the physical chairacterist ics of nis.Cuirrent ly,

res;earch on noise, tol11 ow Ing t-he over a 11I t rend in psycho lugy , has be(-come

cogn t it ive- or ientxl Attenition hais b)en focuse'd on the Way Ini wh io many'

cogqnitive activi ties mr-dia to the efftoots noi so has oi performainco -is

well as on the strategies people employ in coping withnse

Much work is still to be done and the discuss ions of our team al-out



prior ities in future act il it ies have h ijh1l i~jht0,i tile to I low, nq "lair

ar ea s: (1) dcve I opment of a broad t I tbore t I :at 1 jiproach Itu roo tcarol I

noise and beh iviour; ( I I) determi;;in,; the uniderlyiiiq cogni t iv pro-

cesses of pert ormance tasks; ( I Il I i )eucidat ing thle role of thle lmean1m~

of noise, ind of (IV) coping stratolies in do't- rmning noise eff-o ;o

enl behavioulr, And (V) col l-ting data to octatoIicil a tbroaer rln;tn ut

generality across bth~ t1 env irotrnt aind p;loi o

There is a need for an itegrated multiple thiypf-cachl to

understanding thre effects of noise on performance. it i r! nic

that noise may affect. performance in; a ;;unriler of ways itnclu~lir; ac;;

important performance. cues, mnodifying thre level of riro;;sa , influ-nciio.

information processing strategies, and al ternqn fe-lings of c lcno

affecQt and motivation. The principle question no,,w is how dio the-se

different components interrelate theoretically.' We need to io f

which theories focus on independent processes and whtich over] op. We

also need to establish cri teria for undercta;;d il t-g ;ber; eaIchI thj-........

and how the theories interact with otte another wh~en riut tpie ; Peer tea

apply in the same situation. Such an i;;t(orat iot; of t) .- ret ical

approaches would allow for a more accurate prediction ot thc effec to

noise on performance across si tuaitiotns.

'task Characteristics

We need to develop a taxonomy of tasks based on7 the cooi tive pro-

cesses that underly their performance and to choose our expor i:iiu-ntal

tasks based on this taxonomy. Recent work suqgests that mainy ;1;oi cc

effects on performance can best be understood it; terms- of the !qpcilic

processes that are either interfered with by nei:se or are apparentliy

oinaffected by noise. A taxonomy would allow existint- tacko- to 1)e



(:lassi fifed according to their sin i i ant lea and Lil ftIrns inl rti4iii rod

information processing. Thn a'; ai, uacii Sti }': uhat at airc' lv rk iiay I

most useful to the ext enft t litt it St ll pu it .s si/T 0505 the( ; ro-

ceases involved in exp-r imental tas ks-. "i'iveIc''t iatax ilon'.' >

tasks can he alid~ed b~y recect ui k Inl (0211.1 ti, Vt-)11>lg a itilgii

Ing vairious processes in) task pertocufance,.

lyhaLsis on Meaning

More emphias is shul cI i placed cxi the Ax~ g1ti to i 'r ih

exposedl person. Th1e roaln ri of a od1 lit If) hic t I '; ti 0ii'

phIysical context inI WllichI it ecar lad bly tiJVIC1doa ii! 11Q-(~ii

coping and personality. Context issues; Ire ot Ipt, :1 u 'r c r -

fa)rmacrce exper'tm'xtrf anld have receie i >1 ii" it ta.' icr xc t, 1-'

'yajmll, the exper im-nter a dress and dIemeainor, the exist it I> 1 , 1

g iklti to the sabject, and thec physicali layout of tie I " Idt n > i.I

imnportant impltic-ations for subjcts'it tpr tt 1't it1 1-11i l-T c 1;l i~

scirda tajitA I Ti fimpu a' L t I 11CcontIext indcl -I ri ntj c'l~2t :y':J , I I-

mining how xioi!e anic conltext. ilitti otj t !n It ot To 01 : 1 0-'"A1

wel 1come add it ia)n. At aI fi o-1rent leel OIcO~t1 Al isi-us' 0, tIll J1, i1 1 t-

Val i if ty of 57,1 f-eprd thlreat acIT" 'int",f wit: 'Ian t-ol~ v' I 1 iti

otheir phy-Iical p 1 ramet ers of the ;i ir , w, il I I pt-Si% Ii a ti si a r ,,i-

nirtieri of the role of meaningi i Ie rel II i' 1 5 i .j I, tetwoit- I~i ,I

1)0h 1'i oix r. Hioweveor , ev en th is sat op 1 I i it It i c-ii I tit I. tit it It'

go i res the us e o f 1l5'1 'hloiltt r icalI I. y ' ii I I lt e,1 ii- !,t t f ins tott I Ii : 1 1

acn e as ic n, I eIF - re.ptir e d leovel I a t re rca>

A clIosel Iy re4,la ted I ssot', le i q t' Ii' t,'trt i ;it in ii I, f )j, t'~il'

c on tent of a no i-.s Simllltll . lilt itelirt ictc otlI't 'lit itt Ih''st'ittith 1 i I

similarly play an im 'ot'tacil tale ill) tttttrlIll'i f h"t Tla-,illi I al'T ti'- Ti, I



wo it leA;z wii nlt t

:sf a iv srr;'-j 'l I, h1

effects t o su nHiio r 1 .2:.1U 1 ot

jtit eil.n s nut. aidr ju il ' thI t<l, l0.--it 11, ''?

the. differences letwt-on st It 1 uil is sho rt jr!i;.;- tr :

and under intermit tent andO «i x; itr

Also of interest are the costs of i~-;rouiiw; Iart i-' 21itii

Work o)n thle psychelog ica I a nd p inys ioI ,j ica L -51 I 0

-n i I d p , -OV id vidence Of nic i s;-of ftts t hat occurfuI

iptorolit ly ili-tl I , dea 1IV i j ll ti. the jesise, i.- t f I !l

not afce. Further work Oil Cc~-l95 at FIr

occurr in nq real-I i fe2 tI1: J ~irt to ito 1 ,rt itu l Iy in:it.r tt ,-

Iss;-ue -- f -Genercalit-y

Ther e i s a se, ,r ic)u s co-nice rn r that rcsci ri 'a 11 ;;T it- ; n

uSs no t all1Ow ad equalte gEtol 1 lr- i I",t! i AI. toc- the, Work 1 ., 1hIc, 1l

fol lows from the cri tici sms, thiat zt05o ruin noi .,-n 'dltl, f- a .

enti rely in laboratory sett irii4, usoil tI I-t ricted '. f t

,ften; were ntie related to tasks 1sixi ill Ifla1lif i;s -

anti employed youngj, heal thy idul Is isu pot s Ft 1 t; w rk i

ut i I i-se t asks; tha t. are tore r ept o, It t i joe of realI- I i f ti s tu I itos , 01;-

s;ub~jects from a wide ranqeo of - e~s ii; order to covet the life s 0; if

s pec ialI i ntecres ,t inr t h is rixj ard ,i re t I ie ft co,-ts o f no ise o n tIo i e ittl

'in Ce o f ch 1 cit en a nd a f the cI den rIy These, twit qjr cups may be( moreI-



suscept ible to noise irid hlnrc- I- murt I ik.ly to shu w 1 (-
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ANNOYANCE AND ACTIVITY INTERFERENCE-OUR ILXPERINCE AT CIAL.

Fuchs G.L.

Centro de Investigaciones Acfisticas CIAL

C6rdoba, Argentina

INTRODUCTION

Annoyance is a subjective concept containing emotional conno-

tations related to our total experience in noise and involves

semantic difficulties. Its subjective evaluation is only pos-

sible using multifactor analysis of attitudinal scales. Its

physical evaluation con only be approximated by carefully se-

lected indices, applicable to annoyance, from long term envi-

ronmental noise evaluations.

If we restrict our objective to the measurement of activity

interference by noise, noise effects can be subjectivelly as-

sessed with reasonable certainty by means of properly designed

questionnaires and the respective noise sources can be mea-

sured by means of adequate units or indices, correlateable

with subjective reactions.

Recent papers by K.D.Kr~ter and T.J.Schultz (Ref.1), preceded

and followed by mutual comments and rebuttals, justify our ef-

forts towards a clarification of this conflict. The main con-

troversial subject is centered (see Fig. 1 of Kryter's paper)

on the verbal description of annoyance. Its five degrees of

annoyance are arbitrarily related to extent of the annoyance

in percentages. Schultz's observation (p. 1', I, JASA 72 (4)

october 1982): "I have tried to keep survey annoyance respon-

ses quite separate from the data on interference with specific



activities"..., and later" Kryter likes to mix annoyance and

interference" (Ref.2) is in our opinion the crux of long time

discussions and confusions among researchers.. This confusion

pervades almost every paper dealing with annoyance and its co-

rrelation with the numerous indices generated in the hope of

measuring annoyance by the same figure as the effects derived

from interference caused by the main types of community noise

such as: safety, comfort,perfomance, relaxation, sleep, etc.

Comprehensive reviews by Schultz in the USA and Schaefer in

Germany (Ref. 3) describe not less than 76 such indices, their

intercorrelations as well as their correlations with subjecti-

ve, objective and laboratories and field surveys.

OUR RESEARCH

We have done our own research both at the laboratory and in

the field, partially reported elsewhere (Ref. 4) and our con-

clusions can be summarized thus: 1. Annoyance is not amenable

to quantification by single factor subjective scales. The same

noise may affect differently according to their attitudes. An

attitudinal scale reveals the revelant opinions in a continuum

These opinions refer to interfering effects on the listener.

The corresponding effects depend, not only on the type of noi-

se but on the listener, his activity and the environment in

which such noise is perceived.

The scale we used was based on Thurstone's method of Succe-
ssive Intervals. Thurstone defines attitude as the sum total
of inclinations, feelings, prejudices, tendencies, ideas,

fears and beliefs of the listener expressed as an opinion. Fa-

vourable and unfavourable reactions to environmental noise we-

re considered (bipolar scale) obtaining 110 opinions, which

were presented to 111 judges asked to place them in a continu-

um. Judges were asked not to express personal opinions but the

degree to which the enunciations were favourable, unfavourable

or neutral with respect to the noise. Median and standard de-

viations were computed taking 5 ..

An intercorrelation matrix of 63 items of the attitudinal

k.Z



scale was treated statistically by the method of maximal like-

lyhood, Orthognal Varimax and Oblique Promax rotations were

performed. Six factors were obtained.

In Fig. I we have summarized the factorial saturation of in-

teerfering as well as favourable effects of various environ-

mental noises on normal indoor activities (sleep, conversa-

tion, TV., etc). We have excluded judments of annoyance.

The main object of research on interfering effects is to de-

sign environments that are acceptable for the above mentioned

activities. Physical measurements (Leq, Ldn, LA ' etc) and indi-

ces of environmental noise need only correlate roughly with the

desired subjective situations. Yaniv e.a. (Ref. 11) have anal-

ysed various indices and concluded that Leq shows the highest

correlation with "adverse human response" to traffic noise.

In our analytic research on acoustic design of the human "hab-

itat" with Prof. Lara Saenz of Spain we have reduced design

criteria to only four situations based on functions, activities

and sensitivities to noise (Fig. 2). We ignore the degree of

annoyance but rather look for acceptable situations thus avoid-

ing what we consider a superfluous precision as to whether the

listener is "moderately" or "extremely" annoyed or whether
"complaints" are likely to arise or not due to environmental

noise.

Besides the assessment of adequate levels for sleeping, a con-

dition only attained fully bellow 40 dB(A) at night, we have

tried to determine acceptable conditions (Ref. 6) for communi-

cation in rooms, an essential parameter for good acoustical

design. Conventional intelligibility tests only indicate the

clarity, or "nettet6" as Busnel puts it (Ref. 7), of the words

in the message. What is really important is the message itself

and this implies a neurophysiological operation which escapes

articulation tests. Webster (Ref. 8) has related articulation

to S.I.L. and LA versus distance speaker-listener and voice

effort. We have checked quality as judgcd by listeners for
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connected speech (Ref. 8) in Spanish. The correlation of this

subjective parameter to articulation is shown (Fig. 3) as well

as its relation to speech transmission index S.T.I. as sugges-

ted by Houtgast and Steeneken (Ref. 9). Our judged "quality

for speech" expressed as a percentage is more sensitive than

articulation (phonetic tests) and very close to S.T.I., asses-

sing acceptability of a room for communication. We presented

(Fig. 3) results for and auditorium of 2500 m3 and a rather

flat T6 0= 2 sec. S.T.I. was computed only for 500 Hz , 1Kz and

2KHz. Articulation and subjective quality tests were performed

with 20 listeners in key positions of the room and rotated

through all of them. ANSI-S. 3-5-1969 tests were not done be-

cause they are too laborius an unnnecessary for Spanish. The

Spanish language requires higher percentages (above 70 % artic-

ulation) than English for acceptability bacause of its higher

contents of vowels especially to end syllables, as has been

revealed by a linguistic study of more than 46000 words from

literary and newspaper writings analised at our laboratory.

CONCLUSIONS

- Interfering effects of intruding environmental noise is pref-

erable and more readily related to physical measurements than

the evaluation of annoyance and its correlation with levels or

indices.

Acoustical design being the goal of research on annoyance and

effects of noise on people, it seems appropiate to concentrate

on the latter and relate it to a few degrees of acoustic sensi-

tivity for current indoor activities.

- Communication~one of the most critical activities in noise

(besides sleep or rest, which are important but difficult to

quantitate is appropiate to evaluate the contents of the me-

ssage rather than its mere "nettet6" or clarity. This is readi-

ly achieved by subjective quality tests for Spanish and can be

objectively measured by the S.T.I. as suggested by Houtgast

e.a.
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EFFECT OF NOISE ON CHILDREN AT SCHOOL

Lehmann, A. and Gratiot Alphandery, H.

Laboratoire d'Acoustique Animale, E.P.H.E., Jouy en Josas, France.

INTRODUCTION

This research was performed to detenine whether behavior of chil-

dren accustomed to study in a noisy classroom would be changed if tue

classroom were quieter.

MATERIAL AND METHODS

We chose two school sections, a kindergarten (4-6 years) and the
last primary school class (10-11 years) in each of two noisy schools, one
near an airport and the other near a highway. Our multidisciplinary team
included acoustical engineers, psychologists and physicians.

Children were observed for several months in their normal noisy class-
room. Then insulation was added, and observations were resumed for tie
other half of the academic year.

1. Acoustics1) N oise measure : Two previously calibrated LEM DO 21 microphones

were set up, one outside and the other inside the classroom. The noise was
recorded on a two-tracks REVOX tape recorder, either in an empty classroom
or during each five minute sequence of observation.
Analysis of the tapes were made on a computer with a program of evaluation
of equivalent noise levels by third octave band.

2) Insulation : A second 8 mm window pane was added to the already
existant windows ; air tight joints and double doors were irstalled.
I. Psycholo ical measures

ues ionnaires concerning the children housing conditions, normal
behavior, and ut 7TzaFion of spare time were conp~l 1, both parents and
teachers.

2) Observations : Psychologists sat in a corner of the classroom and

t i . .. . ... Il " I I 1 - - t a - - .. . . . . . . _"



observed the children's behavior according to previously established cri-
teria :

a) Positive criteria attention and active participation in class-
room activities.

b) Negative criteria all signs of distraction ; for example : chat-
tering, play, regressive behavior (finger or pencil in the mouth), emotio-
nal behavior (crying), somatic behaviors (yawning, sigh) or fidgeting
(changing position, agitation, legs rocking), making noise, etc ...
Each of the 24 children of each class was rated (I or zero) once a minute
during several five minute sequences of observation,three days a week,
during the academic year. All themobservations were quantified to give
every child a positive or a negative index ('t' Student test) of behavior
or computerized for factorial analysis.

In the kindergarten we distinguished between directed or free acti-
vities.
For elementary school,observations were performed,either during oral les-
sons, and/or written exercises.

III. Physical measures
Medical examinations and audiograms.

RESULTS

I. Acoustical improvement

a) Fig. 1 shows the reduced level of noise inside one of the class-

room after insulation and acoustic correction.

b) Acoustic correction reduced reverberation from 2 to I second on

the average.

dBSA

Fig. I Levels of noise inside

701 'naT-Oitside one empty classroom

1 inside after insulation

-- .. inside before insulation

40 _ outside

301
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II. Psychological observations

After insulation a) In kindergarten, during free activities only, there

is an increase in positive criteria and a decrease in negative criteria

(Table 1) in about 80 of the children.

b) In elementary school children participate more to school work, were

less absent minded durinj all activities but even more during oral cojrsu

(Table 1).

Table I : Mean psychologicalscores

Kinderg arten (different soJ . ..

before insulation after insulation t 2
positive criteria 1 0.7729+0.022 0.027 +(0.0206 3.94 0.201!
negative criteria 0.2393+0.0172 0.1937+0.0134 2.605 0.21

Elementary school (lan scores)
before insulation after insulatier

motor agitation 2.757+0.086 2.355+0.007 5.009 .10:d

participation 2.631+0.106 3.045±0.002 5.594 .10
noise made by . O.07 1.134+0.0363 .104
the children I00~ IS

Behavior of children sitting near the window in the noisiest places in

the classroom was improved by insulation more than that of children sit-

ting far from the window indicating the real hindrance of noise.

In kindergarten, the level of the noise produced by the children's voi-

ces (high frequencies) was reduced by approximatel 20 dB after insula-

tion while it exceeded the outside noise before insulation, its level

was below after insulation (Fig. 2). This appears to be due to easier so-

cial contact and less agitation. In elementary school the level of noise

at all frequencies is just slightly reduced due to children's age and

type of school discipline (Fig. 3)
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DISCUSSION and CCNCLLS1QN

The behavior of chil1dren in scnool is greatly affected V.redj iie

of noise in their classroom. Our hypothesis that insulation Of thle cllaR-

room will improve childr~en's behavior asnd their social contact, vdiatlvt-

their age was supported. The children themselves indicated th at the-,

were more concerned by noise during school work thin t,. noi he it 1Co;me

and that they appreciated the insulation of their classroom. we il-*

found that the more agitated children wuho lived at rc'ei, ti!'e)u r

and more crowded environments were the, miost improved 1.i r-.Ijlpat

This shows that children living in more difftic ,jll c mnd itio -, ar''-

sensitive to environmental improvemient.

'W,



EFFECTS OF NOISE AND RATE OF PRESENTATION ON REHEARSAL IN SHORT TERM
SERIAL ORDER MEMORY.

N. Mohindra.

Applied Psychology Unit, Admiralty Marine Technology Establishment,
Queens Road, Teddington, Middlesex.

INTRODUCTION

Using a serial order recall task, Mohindra & Wilding (1983)

showed that white noise did not affect the rate of overt rehearsal for

visually available items but that if items had to be retrieved from

memory for rehearsal, then noise slowed rehearsal. This result suggests

that noise in some way interferes with the retrieval of items held in

memory, either by hindering the retrieval process, or because storage of

information presented in noise is impaired.

Assuming that rehearsal is a time dependent process it is

likely that items presented visually at a fast presentation rate would

suffer difficulty when being recoded into a phonological code required

for rehearsal than if they were presented more slowly. Also in fast

presentation conditions, the opportunity for rehearsal between items is

likely to be reduced. However, provision of a delay prior to recall,

could provide the necessary time for retrieval of phonological codes and

for any subsequent rehearsal activity. We would therefore predict,

that effects of noise observed at fast presentation rates probably reflect

an impairment occurring at the item input stage, while effects observed at

slower rates of presentation imply an impairment occurring while items are

transformed from a visual to a phonological representation.

In the experiment to be described, in addition to manipulating

rate of presentation, the acoustic similarity of the letters to be

remembered was also varied. Murray (1965) showed that articulating items



aloud during presentation or rehearsal, particularly impairs retention of

acoustically similar items. However, Wilding & Mohindra (1980), comparing

effects of noise to those of overt articulation concluded that while

noise improved the recall of acoustically similar items, articulation

impaired it, but only at a slow rate of presentation of 2items per second.

In the present experiment presentation of items at a rate which

would preclude articulation during item presentation was thus compared tc

slow presentation conditions. Also on some trials, a delay prior to item

recall was provided for retrieval of phonological codes and to encourage,

rehearsal activity.

MATERIAL AND METHODS

Subjects. 20 subjects, randomly allocated to either the 65 or 85 dBC

white noise conditions participated in the experiment.

Stimulus Materials and Procedure. Stimuli used consisted of 48 five-

letter strings, half of which were generated using letters drawn from the

acoustically similar set - CDTP while the other half were generated

using the acoustically dissimilar set - HMJRZ. Items were presented on

the screen of a microcomputer, either at a rate of 6 items/s (Fast rate)

or at a rate of 2 items/s (Slow rate). Inter-stimulus intervals, during
which time the screen remained blank, varied while the display time in

both presentation conditions was set at 1/12s per item. For fast
presentation conditions an ISI of 1/12s was used while for slow

presentation conditions an IS! of 5/12s was used. Following item

presentation the screen remained blank for either 1.5s or 8s before
recall was required. Subjects were notified that 48 trials would be

presented in 4 blocks of 12 trials each. In addition, at the beginning of
each block the computer instructed subjects to either 'Articulate' or

'Do not articulate' and told them whether to expect fast or slow

presentation. It was explained that 'Articulate' meant that subjects

should read all the letters aloud as they appeared on the screen, while
'Do not articulate' meant that they should keep quiet. Headphones were

required to be worn throughout the experiment and white noise,produced
from a white noise generator, was delivered through them from 2s prior to

the onset of the first letter until recall was required. Subjects were
expected to remember the order in which the letters were presented and
were requested to type the sequence onto the keyboard of the computer.

RE SI LTS

The results, consisting of the probability of correct response

for each of the five serial positions In the 16 conditions (Articulation N

Delay X Rate of presentation X Acoustic similarity) were subjected to a

split-plot ANOVA with Noise as a between-suihlects factor and all other

variables as between-sublect factors. Mean number of items recalled per

list (maximum score - 3.0, there betin three repetitions per cnndit ion are



shown in the table below.

Noise Level 65 dlC 85 dBC

Delay prior to recall SHORT LONG SHORT LONG

List Type SIM DIS SIM DIS SIM DIS SIM DIS
Rate of

presentation

FAST 1.32 1.84 1.24 1.86 1.52 1.82 1.46 1.90
No artic. SLOW 1.60 2.38 1.56 2.26 1.62 2.74 1.60 2.44

FAST 1.46 2.10 1.62 1.74 1.40 1.84 1.80 2.14
Attic. SLOW 1.44 2.64 1.46 2.54 2.00 2.50 2.02 2.86

The following effects reached significance; (P<0.05 or less)

i. ARTICULATION F(1,18)-7.61; memory performance was better in

articulation than in no-articulation conditions.

2. RATE OF PRESENTATION F(1,18)-26.86; memory performance was better

under slow than under fast presentation conditions.

3. ACOUSTIC SIMILARITY F(1,18)=101.6; acoustically dissimilar letters

were recalled better than similar letters.

4. RATE OF PRESENTATION X ACOUSTIC SIMILARITY F(1,18)-9.33; the

difference in recall between acoustically similar and dissimilar iteis

was greater under slow presentation, confirming that the use of

phonemic or articulatory codes was reduced in fast presentation.

5. NOISE X DELAY F(1,18)-4.61; loud noise improved recall slightly at

short delays but markedly at long delays, implying that the processes

of retrieval and rehearsal assumed to be operating during the delay

interval are being reinforced by noise.

6. ARTICULATION X RATE OF ?RESENTATION X ACOUSTIC SIMILARITY X NOISE

F(1,18)-4.91; this interaction (see Figure 1) showed that although

loud noise generally improved performance, the greatest increment

occurred for acoustically similar items presented slowly, in

conditions requiring items to be articulated. This suggests that noise

reinforces the retrieval of phonological codes and rehearsal, and

shows that the effects of noise and articulation are additive here.

CONCLUSIONS

Two main conclusions can be drawn from these results. Firstly we

note that the phonemic similarity effect is greatly reduced at the fast

rate of presentation, suggesting that its existence relies on the process



Fig.l - Mean number of items recalled at different combinations of
acoustic confusability, rate of presentation and articulation
under each level of white noise.

of rehearsal or some subcomponent of this process such as transfer from

a visual to a phonological code.

Secondly we observed that noise improved performance, where

either, a long delay existed prior to recall, or where items were

presented slowly suggesting that retrieval of phonological codes necessary

for rehearsal, is less efficient in noise, and that more time has to be

made available for such processes to operate satisfactorilv. Further it

was observed that noise improved performance of acousticallv similar items

when subjects articulated them aloud, confirming that articulation affects

serial order recall in a similar way to noise, by affecting the

phonological stage of processing and rehearsal since presumably both these

stages are likely to rely on some type of phonological/articulatory code.
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ANNOYANCE AND I'ERFORMANCE

Moser, (;.* and Jones, D.>l.**
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**Department of Applied Psychology, t'niversity of Walts lnstitutc ot
Science and Technology, Cardiff, United Kin1don.

I NTRODI'Ci I ON

The primary purpose of the invest igat ion reported here is the

analysis of the dependence of the annoying nature of a sound on the

context in which it is heard. 'Context' is represented here in two wass

in terms of the difficulty of the task (by manipulating signal-to-noise

ratio of background noise in relation to events in an auditorv vilcilanc'

task) and in the individuals' motivation to perform the task (increasinc

the degree of caution by financial incentives). One intensity level of a

sound known to be particularly annoying (Jones, Auburn and Chapman, 1982)

was used. The general approach is one of factorial combinat ion of twot

levels of masking and two levels of incentive. The annoyance associated

with each of those manipulations is measured on task performance, and

following task performance, on annoyance just experienced during the

performance of the task and predictions of annoyance in a setting: outs ide

the laboratory. This was designed to examine the extent of

general izat ion of annoyance beyond that of the particular task.

The incent ive used in the present st 11y was des it' cd t o pro,It .1
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S s t cek ( 1 9 g 1, 1) itt 5 t 1t tit I '.1 It to a1 f Ih t i I t, *tlc I ptiv I l

to teI lass associtecd t i tit a s'. ;I Ia

ILA IlF k I A LS AND '.1 i (it

'The~ sub jvcts Were, 80 stuldetts drawtt f rom vai-i kl ~i i I i 11, A 1

reported normal hearing. Sub jects were ratiod mi v i- ti t,, nl ,I
four exper imental cond it i ons at' i s ittgI, ftrott I Iltl'~i i tatI it 'l 10tWL I L-v V

at incent ive and two levl'Is Of Maskitig . it ta sk 6-a1 au aldij t ory vesit
of thle Ilakan v ig ilIance t ask basedi On t itt form usei' ltV .itt1tt,, Siti. col
llroadhlent , 1979 . The levvel at to ist, was set at M~tattd Iht,I tvi I Ilt
the aud itory d igit s at e'itheJUr 7 3dl)U (imask itil, cOtd i t Ott)l or 83idi tWla,

tta sk i ng c onditi t i on) . Und er c oi t ion s at in tcnt is vttlb ,, t ,sW er, t oId
that thtey wotuld, in addit ion to earning a flIat L -of t I , ca in 50 t~
for eachi signal they, detected correct-lv attd thia t 7)() 1petweC would 1ho

takeit away for each fa I se al1arm reported.
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a short questiontnai re . OnI analogue scales they- Wor, asked t, ittd icait
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were asked to make es t itnnaite o.;If thIo, ntirtbers at teI1I tlt !I, % t tlt 1

iissed and thle itniblerI o f itteo ,rrect repttt-t It So aI I a:its
1

RESULTS AND IIISUI'SSI ON

The key findings were as fotllows: (ii tttaskintt prodttt- Jtt el!(tict ont

hits, reduc ing tltem ntarkedlv; (ii) il ineent ive reduiced the ttttiter of

false alarms, but this effect was not iatCott)iId by aut iTI0:1oat ttt hit t

(iii) annoyance during the task was associatedl Witite 1) t o , dV- I'tIM tNs 11tC

as., was the rated loss of t if iciencv; kiv) predict iItS, abottt ,tlnI1%Att-c 1

the sound in other set tings, showed att tnt eraicttott intw-l 0 ItO

incentive: annoyance was gr. ater whten eitlur toi- col ilc, ,lt i%, or~

thtei r cotnbinat ion) wsl present i.te 'Fal I I; t s' to t- - , i )!t 1), IWs

est imat ions of false alarms and lte nutalr ic-ti -I a- -ci 1 ;I

either masking~ or incent ive was pr,-on , jiii i tu I-. .0 I i it.,

est imated and recorded hits was 110r rerIIl .0I I1
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and relaxing. Tbhis judgement depends, very itich eiI the onii I i oii nIId"r

which the task Was experienced. If Ithe taisk waS cI I 0Vtd I Wi hl IIi(Ce t i%-
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subjectL becomse miore oucit ra ined' 10ii11 IC li pet 111ill,111n. Ot I t I 'k wiIi

cond it ions are chall Ieng ing ( see Jones , 148 3, f or aICriIii i on

SupportL for th is propos it ion Iillies in the fo1 m 1 Ol 11' L OrIeCI At I Ill !11 il Il
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individual's goals and agendas.
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BETWEEN BRITAIN GERMANY AND JAPAN
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f Department of Psychology, Osaka University, Osaka 560, Japan
* Department of Psychology, Universitat Oldenburg, 2900
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INTRODUCTION

Environmental noise is a world wide problem If we are

to discuss these problems on a global basis, it is important

that we have data on the cross-cultural perspectives and

problems associated with noise When attempting to study

cross-cultural perspectives and attitudes, it is necessary to

examine whether the meanings of the terms used and associated

with noise, are similarly understood in differing countries

Cross-cultural studies within Europe have previously been

conducted, but the scope of the present study encompasses both

oriental and occidental countries

MATERIAL AND METHODS

The study was based upon a questionaire survey which was
presented to subjects in their native language Construction
of the original questionaire was undertaken in Japanese A
German version was constructed via a discussion in English An

English version was developed from the German version, and
finally both the English and German versions were translated
back into Japanese The back-translations were then compared
with the Japanese original and where disagreement occurred



items were changed Therefore, the final forms of the

questionaire in each language were as similar as possible

The surveys were conducted in Japan, Germany and England

during the end of 1980 and beginning of 1981 The subjects

were comprised of 110 English, 457 German, and 434 Japanese

University students Three different methods were used in the

questionaire to il licite information regarding a) attitudes

towards noise, b) the acceptability of countermeasures to

noise problems, c) t' measure the meaning of concepts

concerning noise, society and culture, and, d) to obtain basic

demographic data on the subjects

Attitudes towards noise were obtained by asking subjects

to respond using one of three response catogories ( aggree,

neither agree nor disagree, disagree ) to seven statements

concerning the subjects attitudes and actions in response to

environmental noise ( 01. If my neighbours make noise, I

tolerate it because I also make noise myself occasionally, 02

My neighbour's noise is part of my daily life, therefore I

enjoy myself with my neighbour about the noise, 03 I tolerate

on no account, being annoyed by my neighbour's noise, C4 My

neighbours and I make noise ourselves! Why should we,

therefore, make the least possible noise in our daily life',

Q5. I should possibly make no noise, so as not to bother my

neighbours; Q6 If my neiqhbours complain about my noise, then

I should immediately stop the noise: 07 If my neighbours

complain about the noise from my home, then I say, "we both
make noise in our daily life and therefore both of us must

also endure it" The acceptability of various noise

countermeasures was obtained using a paired comparison
technique with five statements concerning noise

countermeasures Measurement of the meaning of concepts

concerning noise, society and culture were undertaken using a

form of 0sgood's (1957) semantic differential

RESULTS

The results from the items recording the respondents

attitude towards noise is shown in table I Thess seem to

indicate that the English and German respondents are tolerant

of noise eminating from their neighbours as they themselves

occasionally make noise In contrast, Japanese respondents

appear to be more concerned with making as little noise as

possible in order to avoid bothering their neighbours

Analysis of the paired comparison data on the

acceptability of countermeasures to noise is presented in

table 2



a1 02 0 3 04

yes no yes no yes no yes no

England 76 9 20 44 20 55 29 28

Japan 18 39 12 60 38 18 5 83

Germany 73 11 4 74 6 68 I 1 59

yes a5no yes CI6no yes Q7no

England 44 32 48 18, 31 45

Japan 79 4 66 3 6 69K

Germany 52 20 1 44 19 18 5

Table 1. Percentage responses in the 'yes' & 'no'

catogories for each of the questions in part A

The German and Japanese iespondents are predominantly

concerned with arranging private regulations with their

neighbours to avoid noise Whereas, the English respondents

negotiate with their neighbours themselves to see that the

noise is stopped.

Paired comparison statements

(a) (b) (c) (d) (e)

England 0 93 0 90 -0 47 -0 62 -0 74

Japan 0 43 0 53 -0 06 -0 37 -0 52

Germany 0.83 0 94 -0 52 -0 82 -0 43

Table 2 Weightings of paired comparisons data
statements: (a) I negotiate myself with my neighbours to see

that the noise is stoped, (b) I arrange private regulations

with my neighbours to avoid noise, (c) I ask some other person

to negotiate with my neighbours because of the noise, (d) I

hope for severe legal regulations, (e) I don't undertake

anything )

For both the Japanese and English subiects, inaction is

the least desirable situation With the German subjects. the

use of legal regulations, as a form of noise control, is seen



as the least desirable form of noise countermeasure

NOISE LOUDNESS ANNOYANCE

E C J E C J E G J

1 53 62 58 58 58 41 61 57 54

2 4.8 60 63 51 55 39 61 59 6O0

3 32 20 18 26 24 3.9 23 26 22

4 43 52 62 44 47 39 50 5.1 58

5 31 25 31 2.8 3.0 47 2.7 35 36

6 30 20 17 3.0 26 42 19 23 20

7 28 21 19 2.2 26 3.0 25 29 23

8 47 60 66 49 53 3.9 62 60 62

9 29 20 24 2.7 2.6 4.7 17 23 27

10 51 53 52 56 4.8 51 5.2 46 49

II 34 19 1.3 3.2 24 42 18 20 17

Table 3 Semantic differential scores on a I to 7 scile

for the concepts of "Noise", "Loudness" and "Annoyance" by

country of sample ( adjective pairs. 1 soft - hard;

2 beautiful - ugly, 3 violent - gentle; 4 clean - dirty;

5 sharp - dull; 6 discordant - harmonic; 7 strong - weak,

8 pleasant - unpleasant; 9 tense - relased; 10 powerless -

powerful; 11 undesirable - desirable )

Data gathered from the semantic differentials included

the concepts of "noise", "loudness" and "annoyance" (Table 3)

In the case of "noise", the profiles are similar for all three

countries although, the variance in the English sample is less

than that for the others With the concept of "loudness", it

is the Japanese profile which ditfers from the other two

profiles The concept of "annoyance" was similar for all

three countries

CONCLUSIONS

It is apparent that there are a number of important

aspects of noise perception and attitudes that differ

significantly between England, Germany and Japan These

should be born in mind when compar ing results across

countries



THE SUBJECTIVE SYMPTOMS AND NOISE ANNOYANCE OF WORKFERS
EXPOSED TO IMPULSE NOISE AND CONTINUOUS NOISE

Vuori, J.

Department of PsVcholoq,, Institute of Occupational Health,
Helsinki, Finland

I NTRODUCT ION

The aim of this study is to compare the subjective symp-

toms and noise annoyance amonq three oroups of wrkers. One

qroup was -xposed to impulse noise, the second to continuous,

steady-state noise, and the third was a control qroup with no

exposure. The relationships between subjective symptoms and

noise annoyance ratinqs were also surveyed with respect to the

Mental load factors of work, and individual factors.

MATERIAL AND METHODS

The (Iroup exposed to impulse noise comprised I)9 men from
a shipyard. 'The qrnup exposed to continuous noise consisted
of 43 men from a cal, factory. The control oroup contained
38 men from an open : an ship draf tinq office. All the sub-
jects were youn 7er than 46 a old. The averauc noise levels var-
ied between 66- 111 OV(A) at the shipyard, and 82-95 dD(A) at
the cab e factory. The averaue noise exposure time in the, im-
pulse noise (uroup was 5.7 a, and 8.6 a in the cont iuous noise
qroup.

The workers completed a two-part questionnaire. The first
part included items on nub e ctive symptomn ( 14 svmp1t ts) and
factors of the mental load. The other part was compiled of
modified Eysenck Personality Inventory (EPI-C) and We nsteins
noise sensitivity scale.



I ISu I'TS

Subjective symptomIls

Compared to the controls, the noise->:poe-ecl. wo)rkel-rvr

ed significantly monre tinnitus, irritabilitv (1scal., Ifter

work) , feelings of tired limbs, difficulties in fallinc 7 lev

and nervousness. Moreover, the imphul se noise oroT~O) rLort (!

significantly more undue fatioue (especia ill afteor work)an

staggering, and the continuIous noISe cr oU;n reooTrtedC Siind A

cant ly more symptoms of diarrhoea. [he noise-exposec rup

did not differ much from one another in terms of- sinru '-S"'

toms.

The symptom data was factor anal xsed for dimensionailit',.

The purpose was to render it in a few conihine, utmontoms. It.e

five factors arrived at were interpreted in terms of 1) conce-

tration difficulties, 2) hearing symptoms, 3) sleep distur-

bancies and anxiety, 4) sensomotoric symptoms and 5) fat icue.

Only those symptoms that carried the hiohest factor loadinu-s

were selected for each combined symptom.

Discriminant analysis was used in order to iot tle bes-t

group differentiation in terms of the combined svmuptn. hea(r-

ing symptoms" and "sensomotoric symptoms' were left ou~t of the.L

analysis. The analysis gave two discriminant functions. Vhe

first one (I) was strongly related to symptoms of sleep dis-

turban-. jes, anxiety and fatigTue. The workers exposed to noi Se

reported this syndrome sicTni ficant ly more than the cnrl

(P<0.001). The second function (II) was stronoilv relaited to-

symptoms of concentraition di fficul tie, aind fat icue. TI.e i!' -

su be noise C, T-)! renr t A-d( tI I in stud ( r III t! lu me ,
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of the gTroups on discriminan]t f,,ncti .<

Stepwise l inear r-eiression analyses pointed <.t t}-.t, : t:e<

impulse n~oise gjroup, 33 of sleep d fiute i'( tx<t a

explained by social isolation, impulsivity, m,,enta loa e:! n

vironmental factors, hard workingi tempo, noise sensitivity, c-.,!.

overtimie work. In the continuous noise ,-oup, 8 of ;Icep-

difficulties an(d anxiety was explained b\ et ])dof unvi-

ronmental factors, niegliqence of ear p>rotectors, '11ni no'ise ex-

posure time.

In the impulse noise (iroup, faticiue was r-o1 itedl t, mentail

load of environmentail factors, nh%-sic-a1 1n,id of w(,ik 'iO a f :

tempo of w nrk. r n the cont i nuous n~ois' q i l) , i t 1 7 1io ,i. rc-

fa1ted to noise sensitivity 'Ind phyVIsical 'ICad( ot ,tk

The concentration difficulties in impulse, noise ,:r,ij w(,,e

relatedl to social isnlaiit on, liard l -i,< raito, in,!<] { t te

mental load of sudden, anud noises.



Noise annoyance

Noise annoyan ce, and noise level ebt rotu r1

related, Both qroups that were exposed to ;rr c

found it socially annovinq, to an equal extrnti . In U

older workers foiind it more annoving than vounoer QOC 5-.

pulse noise group rated workplace noise muu e utri ntal

their work than the continuoCus noise group. 'n t;fe L'u

(group), these ratings of detrimental effocE wuie , uo

to noise level estimates, also related to noiso s,-t!--i:Ir

mental load of sudden, loud noises, and~ phy-.sical la cK

CONCLUSIONS

The results showed that comoarod to conitrols,

exposed to noise had significantly more su1lciective r-'

neurotic nature. The appearance oLf symr,;tom,.,s was no)t

related to the duration of noise exposurs . ot her et\v

and individual factors can modify the effects orf :0ns 7

prevalence of symptoms (Tarnopolskv et al . 11)60)

Compared with the workers exposed to otinu

workers exposed to impulse noise had moesvmiz tomns '4

tration difficulties. They also rated the nosi'

ronment as more detrimental to work. Impulsive-

a complex and unpredictable temporal structure ir(

more distracting influence on performance thin n i,;

simpler temporal structure.
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Muzet, A.
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kesearch on the direct or indirect el!-e t, o' nose On -. ee, l .er,

no det inite answers as to Ahat are the ra.r , t,'I ,' e i

dis turbance.

It is still difficult to draw the !orderl ine etzeeir, '1 0 :

logical and a pathological res; rise to the en': ron ei t.

Although the results of" some studies ake no !t ' ;; i, i ' T . t

the effects of noise on health, they have reve-iled the il:i "artaince

certain factors, wh i ch unti I now have :-eer: undereat i "ated r e':el.

ignored.

'he need to pursue and to increase certa i 'i 1craches; i thaire;a

research is evident, although the cost if the e tj ea I at ii ea '0 a
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of total sleep time and latency to sleep onset were greater in t.,e

laboratory than at home. between and within subject variab illty a:;

smaller at home in : total sleep time ; latency to sleepv onset ;

amount of stage I and . sleep. 1)n the contrary, mintes scent r,.a.e

after sleep onset, number of' arousals and PMt sleep quantity were less

variable in the laboratory than at home. Coates et al. cons i dered

that, taken together, these data do not ;argue f'or the super-ority ol

sleep recordings in one location over the other. bather, they suggest

that the relative reliability of the data 'aries from: one location to

another.

Therefore, it seems reasonable not to oppose laboratory to hoce stu-

dies. Infact they are complementary and they respond to dif1berent

purposes.

Studies made in the laboratory often allow exploration of new metho-

dologies and techniques, or stress the importance of a speci c

factor. This is possible due to the knowledge and the control of

ambient factors that may interact with others.

Noises used in the laboratory are played back through a reproduction

system and they are generally well calibrated and individualized1. They

can be produced at a very precise time of' the night, within certain

stages of sleep and stopped at will. Such an experimental ajjproach is

found in studies of auditory arousal thresholds (bonnet et al P'

Johnson et al., 19791.

Studies made in the laboratory are limited in duration, however, and

it is quite unusual to have an experiment lasting more than a -onth.

Thus, long term habituation to noise cannot be stidied in this manner.

Therefore, it is necessary to make studies in tne home each time that

real amb ient conditions will be examined and especially when record-

ings will be repeated and separated by loni, intervals.

In most cases the home en i ronmenta I sit uat on wi 11 he ronst i tte1 bv

several ambient factors in addition tn several , not not one, blent

noise. The knowlede ol the noise ondition IlI i riot be las;ed on the

ident i f icat. i on of esih i in i i l ll r is e nut rathf her on ai ), ir I0r)

eva l;at, ion i f t eip ro P eniv'i t,1 riln , f 1b, h I ie li t ;,it i titled.



The total suppress ion of' amlijent rn oe will he pi le ait fa-oc, ;toi

thus the only possible way to c1harige the abieit, (-oi It I: 1 I e to,

mod ify the noise character ttics by usinrg nioi!e iris ulIot ottr tet hnoolue;-

or by opening the windows (Jurriens et il . , JH1,.

At hose it will be sometimes di ff icult to control other env irorit erita 1l

factors such as amb tent temperature and hutti d i tv or ai r cortfi temert.

Since 1978 , a large body of stud ies have been made at hot ,e Fioerharit

et al ., 198? Hofman et al . ,11)81 fHoronje'l' et a . 1 '4,.

J u r r iins, 19 81 J u r r i ns e t al 1 1981i V aIIe t e t a. I lI ;Vallet

et al., 1981 ;Wilkinson, 1981?.

These studies have shown the variability of- results doe to expe--

rimental locations, subject population arid even techniques used.

However, as shown by Jurri~ns et al. (this volioeI, -ertain studies

have demonstrated common findinrgs and thus these find i us are iawin op

a more substancial signification.

In addition, studies made at home are going to f ive more fefirite

answers to the question of' long-term,, bob ituation to nitse. ',Illet et

al. (this Voluse) have shown tha)t*i t is possi ble to rerecord thle t;r~e

subjects after several years spent in the same location.

WHAT ISfbILDt BF MF:A! JPI,

The effects of' noise on sleep) are often i 'med iate 00n~ ()I tb rt

duration. Therefore, their repercussion on the p loi;, Ict rot-tare ,I

sleep is sometimes almost iniexistant.

Among these immediate effects, we say qtuote the elect rophyc jol oI;l

and cardiovascular responses to noise. The fdirect re loiti,,al;i thatf

exists between noisme and the modifRi cat ions7 if provtkvt; c- eat er t,

shw in the laboratory due to the fact that o-t i moli arc eoera I I,%

presented ind iv idually.

The types of immediate effects depend on the reo tiiin) techno tie!; 1toed

and the variables, cons idered . The elI ectroeicepou Ioa ), : e! tio

information on sleep stage changes, hut also on more hi!-torche toldt I -

cat ions such as act ivat io(n phases or phas ic FEl6f eventi iK tot; lox lor

example).



The s ignalIe d awakerji iir ir riced~ i n -eirIIi st il ie; zir it i 1~ I;'-!

locat ion atI the d i -ataur 1 iii event l oran jetI e t 0.

movements can th e caria l ;ie redc a laon ie a r za ;s rcr' i it ed i tirther etc t I,,,

physialag ical measures j hrstrorr; et al.,t Io 'rI C ca;. ,Iau

responses i ncI ode beaIrt rat & and t iogier purIl se arirp II tal1e 1i111 et 0 it1

1180) I, and they are -,mpet ihe;; asso' iat el with Ii repra rvir air'

(Muzet et al. , this volume) .

These phas ic mod i 'i cat ions are a orziet imes '.:oder'ate arid their ei .u

depends mainly an the number arid the i titerrs ity at the Aiti i

The global1 evaluoat ion aofasleep dil tiirlraice may ihe po;sih le I v -ar. ; ider-

ing the sleep stage striiitiire (i e. t ime to t allI iitleep, t ire spenrt ini

the di fferent sleepl stages, number of' sl]eep) --tage changes, RFM sleep

rhythmicity, etc ... ). This kind at' evaluation is aused each tire that

the noise pattern is too complex to exam jote the el t'ec ts doe tii

individual noises.

th e g I1) ti 1 e v aluta t ion of sl1e ep di sturhaice can also h e made iry

questioonnaires which are as~soci ated or riot wi th electrapliysiolagical

recordings I Val let et. atl., 1()8,) Franyr is, I0. In some studies,

mood scales answered during the day (tEhrensteini et al. , 1111

Ohrstrom et al ., l98,1) and/ar dayti me pert ormances j Jarrikits, 1--.I

Ohrstrim et al. , I31M.' Wilkinson et al. , 10111 Wi lkitraan, Pi-I ) cari

also Ihe used as very precise inrd icat ors of' steel rIi stirhance.

WHIAT NItiF Pt-PFrTh ihrit Ph AVid PhFil

Firstly, it must the paoted out that peoples comrpla inrta atarrirt

noise, are sometimes f'ar t'ram researchers preoccupat ions.

Val let et al1. ( liM.') , however, rioted that W % of' the surround i tip

population of' Palssy airport comp la ined ahout nioisme in the evern i2

while 401% complained shout, toi tre duri inp the n i gh t . TIrii s tI' tiri n),

stresses the numerical imprrrrtance oh' those peaplIe annroyert ty ni ie.

t'his sutije t ive heeli, or' a rurcetur-es aIrt-I i ter i j'e"Afe .1; e:cTe-

t hence I ve; ;is Ihe i ru, I rrrr l;Ieeper:a. I t hlam; reen !Iiai tj-rt j-r.

;Ileetrerri ,rru Ila ii at o I rurruat awaken iituna, ;ira I eel tor1;t treY 'Ire'

eas ilIy awakened try rio ice. !t ii rd i tion, threy irave I r inni le rett rrii i, -

sleep al fter rior-t rrraI arriot a . Inr the ho, Irn Iv the cu-i t I,

NX6~t



Iit t iptied ajnt they otis ier tha1 t t 1'y hive ritt fioal si 1 !1 eei j

biud I ony s Ileep I iten- I es anti I repuent ai~z/en iriips 1nr, ir, te r;i f p t

Hoiwever, ilet;i te cIai im~s u 1 eip i, I it seef er ,_ fji, are e.1;

awakened by noi se ,poor slIeetI er- jo i trv ai I thfr eshdt 1 .1 oe

been found to be the same as those at pool Il e;o en i. ant et a 1

1T/, )

In a recent study, 141rstrom et al I I '1H tted thait thbe Ki. pier- the

noise level, the poorer the sleef, quality. 1 ey lto 'an e tt

compared with i ntermnittent noise, continuoons ri e hod pisin i coin t I

smaller effect on sleep quality. In addition, p;er1 o-rmronce Old -ooa I

tended to be worse after~ intermittent noise expotsure.

A poor sleep quality associated with zi teeliny2 of 1tt tye asi lei t(,

a deterioration of daytime performances. Wilkinison 1 Ia 1 'Ia a

suggested that a good performance test in connect ion with sleep depri-

vation experiments should be monotonous, re lotivyely comp 1 cated andi

fairly long. In a later study (1 I) he founid, however, o itpi ot

increase in simn le reaction timie i thi o test los ,iI'i nutes. !'fhis

result was also Found hy other tesa's J urr i Pni e t oi., fthis volurte,

Annoyance due to ambient nois-e moy lead to dif ferent ltos iivors tiaf

are difficult to measure. Ni se-exposed people mcoy orkoint i-e protests ,

legal act inns, or move to a quieter ares. We ri,. telieve t hat ot

environments mi ight expla inr the increoise of mied ical coop j1 iint; aInl drtiip

consumption. Therefore, the ectanom i oil repercoss iotis of notI t ' ipI P

cons iderahly greater than what haos been expected util nix.

lfesearcher t ma inily conis idter tue nise effect t; tihat ;ire t' e~i;aonrs Ie,

although the ir i mpor taunce is; riot. al1waoyst proven. l'iis is due to t

fact that the long-termt' li I o i caI conis equeni ei of,1 , I e r;ot e- ;,ati

repeated sleep mod if icati onis provokedi by riste, tire talmotst iinikrittwn

NorturnalI awaken ingis con he not ced e ithter b y thle ex *er sientatott or

the io i se-exposed suitj ec t . lThe mI Rortonite o fth iv sfac tor i s noit

quest i unablIe ani i it i s corwmonlI y used ( 'lirentute n et a1 18( ; Gr bi erIl-

ahn et al1 . , luI 1i7 hr i efIahn , I 1W(i' iirinj elf e t alI . , I IM, ;'i; essen,

I )/HP Vallet et al. , 1Ipib Veriet, ;P Wilkinson, IaPI ). 'The

diif feren t techniques used (awaken in ri ti na led ity lush i n a button, or

con firmed FVE:l awaken inrg) show that the percept ioin of' awaken inp is

someti mes very di fferent For the exitern mentaor inii for the sleeper.



I n the orning the? number of' noct uinti 1 awaken i ni,' a ereallvi

remrember-ed and is olften rinierest t toted i~y the siuh jeit,

oncernt ng the nmb er zind the durat in of sleetptae al thiiu,Ii they

can be easily quantaI t ied , their- Iioliipi cil )2 gn ti k a t i on i s :at 1 1

i mperl ectlY known . Etwierist e Iit and lWeier, 1,4 extret;sed! sor e diiult on

the importance ot sleeti starie paittertiu ita; an i tatle rlititotr tiCe

ieterrm ation of iiiae ettecta, utioti sleep.

These authors ,Ilaevved an i ortarit rein I Int a'1l haVe sleej and~ a,

moderate decreas;e or P1K:M s;leej tori' the I irst iii cit i)T'Il tic se

exposure ,but onlIy the l at ter, reiiiitt101 Si was aI jtt a i i !(r ,Pe r-,,

ri ights .

A re the card i ovascu 1 otr respons-et; to no ise t 'iprtanrt I t'- a i eni I t.

point oh' view -9 Muz et et ail 1,r, li ierrotstroted a clear, clot ionalh

i e tweeri the nio ise peak in teni ty aind the asp ii tLide of1 heart ra-te zito

Itinp er piulse responszes. Thlese caroiiovuisclilar respons es to rise dto niot

habitiiate ihurinT the riy)ht anti their importance del ends On thle~ i)'e (It

the subjects ilutiset. et ail . ,1-51

hej, impoirtance oI' these cairdtoivasciuilir mrodi i cat torts, issipstd1'

the nature of' these( resorisea . TIh; are tor-elIy ret lIexes; oii the eo

niot correstoriii to) ain eneriet i,- neeh iif' tie a;l ept, Ii iiiy . The .i-

Iesi;tiesf; III thes e ret e;itel mdi Ilu-at ions remains to h , oh-t rte i.

It limo-ter-m exp -sure to) noisie ,;on I e hlar' 1,1l it ;illi toIos

thes e m-iioh~itl ihI t-cittinal net, ot toi ii . ito lt e

aind Weiter, It.,Mitact ot ;ol. I

Longi- t ers hiItiit t ort I I ia I 01( IIe te-i; ;t -erit,:; i ii . i -1t r~

ti t, It l litve ti o hle mit'e olet-ly :;tiiied it, the t tite. I!'

imithimi; ntotedi a tusslte Iii Itiati itnI ol o --. 1.1 . -ii'' ,11', !,

T I I tiutnolI iw ike ii; p I tT)-c, ,iii'i r ic t I .TI II I Iit') t I; ! .- 1'i-'

lEhrenstein arid Weher, Poo, ;Thite!-seri et :il . ,i W I.* st ei t i

I1)H 11), witi Ihe I? M slIeep red it i in cart lbe mii; I thined c o aer seot~ i i iI

o f no i se ex pos ure ( 'b:renat e 11i Mnid oeh er- , -to., . i-em It m em ic; ' ,T

miood and a Ileel, tqua I ity t;iornet i ties; I b Ier . I rema tei ITo it, ke v et I-

tFoundt no indptatit(in Iir't;itijeit i ve imid iver- r (-v(-r-; I ii Itt;h .!

Mnizet. et al ( I 11'H1 no ted a rap id( sito CIt((I ice a hitt i ;AII trII I tI c I I ,

env ironment atI te r t o I -ivte-n i ye rthitt . II t ; I en .vIvI, il



be explain by the fact that the ni" ieriteiie i ty ciIthe ri,t iie reit

noise were not the samre In the tW JUc tades. It1 se,'. e-e~ let,

think that whether or noet a~dapjtatA Io OiCI,'r de; erirl oI ert11

characteristics of noises.

1WiW ANP Wit; M T(I kITli, I

The means used to protect people ipiinst trOei,'ir'[eit'j ,re

:requently difficult to apply, costly erid siet .e, the, recite rie

constraints. Double glazing is e ffi, i jert only it I !rirso': ,I e

maintained closed, and ear plugs are riot toleraited 1 vi ertajii; rrcc

Sometimes the remedy can tie worse thtan the ilet i t el i it

appears from recent studies that desvt i ie vid ni grtt i-, e xi o!11 1

noise could partly explain the observed i rirease ot trernqi 1l izer I,.

hypnotic consumption. Such a tendency has been, sugg7 ested t y Fri: rc 0:

1977) and by Lambert et alI . I1H I arouind I it ernat i one~ i i r; cr-t: II

a recent report, Fran;o is ( sinoted an i rirezise in) the iniet v

rating of the surrounding population o' Ho i sry airport froi, I

1981.

The efficacity of hypnotics in the protection of sleeping rnct-

against noise is hypothetical. Hypnotics seemr to increase arisil

thresholds (Bonnet et al . , 197q9 Johnson et al . , 19470' arid to reduce

the number of some electrophysiological responses to noise (Fhreno;teir

et al., 1980 ;Muzet et al. , this volume, S;aletu et al. , I nH

However the reduction of the amplitude of cardiovascular responses to

noise is only moderate and seems to be limited to the first nig~ht

under the influence of the hypnotic (Muzet et a)., this volume).

Most of the studies that have been done (1) unt il now, ha-Ve b~een done

on young subjects in good heal th. It seerms reasonable ti iiYpotiiet izie

that certain groups of subjects Coul hI e more serisiiye tir nor c;e

There is a lack of studhies wh ichi taike into accouiirr tire di trerotice cII

the vulnerability of certain popul ati otis to no i se-ex;-or;ire . Hi-ciiek

et al . (19479) found that ch ildreni r;leepirig at cebol ;i a i i re.

had four times as many body movements Inn ng their atternoor i n;.

kindergarten chi ldren slIeepinrip in ai relit ively qju Ie t ii.

add i t i on , these n1 ise-exposed c i I dreri t ook i l onger t i mre t, t1 I I



asleep, and had Sirrall1er total sleep timesc tharn cbhildren sl ceijk ]I:

quiet areas.

Such results show the importance that should be given to the expin'--

tion of groups of' subjects who are believed to he rocre aroored l.,

noise than other groups. It is also necessary to selthe resoito

obtained by Blois et al. 190,who showed that noise dono-r, ttoo

daytime can have an effect on subsequent night sleep.

The results mentioned in this report demonstrate that 0..~

concerning the effects of' noise on sleep must he pursued de.sj ite t, -In

complexity, and they should be extended to groups or ;tuat ion, tIost

have until now, been insufficiently considered.
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that noise persists unattenuated during the day.Mur-o'.r,

the earplugs themselves may be a disturbing factor. the

beneficial effect of sound attenuation mav be vastly nutra-

ized.

On the contrary no objective altcrations were recurded fur

the windows-group. But after nights with opren windos the

subjects felt that they' had needed more time for -al i

asleep, they we more tired in the morninq and asse: ,i t:

have had a worse sleep quality.

The subjects of the windows-group usually shut the w

because of the traffic noise. Therefore they are convinc-ed to

sleep worse during the experimental nights. While awake prior-

sleep onset they receive the noise objectivel' louder- a'J

they are probably afraid not to get enough sleep. The diffl-

culty in getting asleep is then interpreted as nrolongIed

sleep latency.

Sex

During nights with higher sound levels female subjects revea-

led an increase of stage-4-latency whereas the number of com-

plete sleep cycles decreased. Performance was not impaire2,

but the next morning the women assessed that they had spen'

more time for falling asleep and for intermittent wakefulness

and that they had slept worse.

The discrepancy between physiological and subjective results

is in accordance with the literature. From social surveys it

is well known that women feel to sleep worse than men. Slecp

recordings in the lab and in the fi-ld, however, do not sup-

port these findings. The conclusion then is that women arc

especially sensitive to oxoqenic stimuli. When owake the, arc

anxious nol to get asleep soon and this is probably mioi tcr-

preted as a lengthening of the awake-periods (lartmann, 1970;

Jurrions et al. , 1981 ; Kahn & Fisher, 1969; angdon & Dullei,

1977; Jukas & Dobbs, 1972; McC;hie & Russell , 1962; Meier

Mi1 ler, 1975; Monroe, 1969; ' ulot -t ,i l 'V9 I; .'v, Jq6 ,



1969; Va 1 t et e., 1983; Wi Ik in sot Cample 1, 1980).

The lack ot a concomitant irp'rairment of performance results

perhaps from a general need of ambition to execite the tests

as quick and as good as rmossible.

The reactions of male subjects are partly in the opposite di-

rection. The number and duration of intermittent wakefulness

is reduced in noisy nights, suggestinq even a better sleep.

Subjective assessment is not related to the different condi-

tions but performance was qualitatively impaired.

No other subgroup demonstrates better the discrepancy between

EEG, subjective assessment, and performance. Similar results

are reported in several publications and most of the authors

feel that the significance of the EEG is highly questionable

(Muzet, 1980; Ehrenstein & Miller-Limmroth, 1980).

Age

Subjective assessment was altered neither for the younger .or

for the nlder subjects. Regarding the physiological data the

younger group seems to be somewhat more disturbed. For the

latter group latency to slow-wave-sleep increased in noisier

nights and this stage then was reduced within the first sleep

cycle. This result harmonizes well with other publications

(Eberhardt & Akselsson, 1980; Vallet et al., 1983). The struc-

ture of sleep was altered by lengthening of REM-sleep and a

shortening of the average cycle length, combined with an in-

crease of the number of sleep cycles. This number became less

in older subjects. For them REM-time was longer in the first

sleep cycle. Howev;er, psychomotor performance which is not

affected in youngcr subjects is qualitatively impaired in the

older grcup. The fiequency of rrrors is cTreater in the mnrning

compared to the previous evening. This difference becomes more

important during noisy conditions.

Though the physiological reactions are contra( ictory to the

hypothes-s that older people become moe sensiti ,e to nols



the performance data are well iniaotlraiitewt ;rlwr

veys and experimental1 res ulIts ( VraI7,nr - L. 1'1; .1 '

& Buller, 1977; Lukas et al. 1 96'), P)7 1 ;l 0  P -. ,

1962; Meier & MUller, 197-1; Sen~o i

REM-sleep reduction is oftei enr1 lt be tle, !iost L n

sistent noise effect . The cent rar' w~tL f 1n in s:;ub t mru

than 40 years of aoe. But, after 1a ini L'uio edte clata

of 13 publications cornearable2 in mtthod and evaluation, no

difference was found for REM-sleet between noisy and quiet

conditions (Criefahn, 1980; Collins & Iampietro, 1972; Globus

et al., 1973; Criefahn & Jansen, 1978; Criefahn et al., 1976;

Knauth & Rutenfranz, 1975; Kramer et al. , 1971; Luke P)obbs,

1972; MUller-Limmroth & Ehirenstein, 1974, 1976; Muzet L 1i.,

1973; Pearsons et al., 1974; Scott, 1972; Townsend et al.,

1973; Vailet et al., 1975).

Years livinq in noisy streets

The sleep of those who lived up to 4 vfars in the dwel linti

where the recordinas took place was altered only Jnini thie

first sleep cycle. Latency to sta';e 4 was sho rt ened, tl, :mt-I,I

tes spent in REM and Delta-sleep) were reined-. 11 Ihe 'i

lonqer than 4 years at the same locat ion sta~to 4 iatt i-.Io i-

came lonqer and REM-time increased within t!ot fiirt scI"(

cycle as well as its amount durinq the whole niit . -

no effect on performance was calculated for t hki is-t it

the frequency of errors in the mornino compard (' t I( i I -

vious evening became more important in the latter Tio01 np

stratini an impairment of test quality.

The results suqeeT(st that people who live in na is . 1ocat ioni;

are more sensitive to acoustical stimulation. This is alreoad

proven in social surveys. Because the human brain is able to

distinguish between different s;timuli even while aslectu it i~s

possible that the nsychosocial reactions; continue (itritli the

night (Rohrnann et al., 1978).

9(0'



The results of multivariate analysis demonstrate the signifi-

cance of usual sleep behavior, the preceding day's stress and

personality (FPI 8 7 'Gehemmtheit') for falling asleep. Sleep

structure then is determined by sex, age, by aggression and

extraversion, by subjective health state and usual slee p qua-

lity as well. Subjective assessment in the morning is influen-

ced mainly by the time of falling asleep, the usual number of

awakenings and by personality (FPI 8) whereas age, test fre-

quency, and nervousness influences performance.

People living more than 4 years in streets with high traffic

load tend to have less Delta sleep which may be interprettdas

an increased sensitivity to noise.

Overall, if EEG, subjective assessment, and performance are

real indicators of sleep quality the influence of noise during

the night tends to have a slight negative effect and thus has

to be regarded as a stressor which may be detrimentail with re-

spect to wellbeing and health. The 3 indicators recorded and

reported here are, however, not related to each other. The

postulated chain:

noise - sleep disturbances - subjective estimation - impaired

performance

is not obligatory but only one possible pathway in the deve-

lopment of detrimental effect-s caused by noise oxposure during

the night.
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SLEEP DISTURBANCES CAUSED BY NOISE: ANALYSIS OF A CROSS-
SECTIONAL INQUIRY

Gros, E., Griefahn, B. and Lang, D.

Universitdt DUsseldorf, Institut fOr Arbeitsmedizin,
Bundesrepublik Deutschland

INTRODUCTION

Sleep disturbances show the most negative effects of envi-

ronmental noise (GLOAG 1980). In a study of LANGDON B DULLER

(1977) 30% of the residents complained about difficulties to

get asleep; 50% of them attributed these difficulties to the

noise. 50% reported awakenings during the night whereof 30,

were related to environmental noise stimuli. It is not sur-

prising that in sleep studies regarding various environmental

stress factors, noise is the most commonly studied stimulus

(WEBB & CARTWRIGHT 1978). The important effects of noise re-

lated sleep disturbances were also confirmed in experimental

studies (EHRENSTEIN et al. 1977; JURRIENS 1981; Vallet et al.

1981). An extensive literature review was given by GRIEFAHN

et al. (1976). Based on the literature studied, GRIEFAHN

(1980) comes to the conclusion that studies about sleep dst ur-

bances caused by noise should not only be performed in the

laboratory. The problems have to be solved mainly with ep do-

miological methods.
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1.

F1 and F3 were used in the following text:

- F1 contained the global self-assessment as a good or poor

sleeper with a certain amount of perceived sleep disturban-

ces; F1 was called "sleep quality".

- F3 described the quantitative aspects of sleep, based on

items, concerning the assessments about normal or wanted

sleep length; F3 was called "sleep need".

It has to be pointed out that the variance explained by these

two factors is only 31%. Table 1 gives the correlation coeffi-

cients between the most important sleep items and the estima-

ted sleep factor scores F1 and F3 for all subjects. In accor-

Table 1: Correlations between sleep variables and sleep
factor scores

F I F 3
Slee. quality sleep need

good vs. poor sleeper .85 ** .28 *

difficulties to get asleep -.83 * -.12

awakenings -.72 *** -. 11

normal sleep length .42 * .68 *

wanted sleep length .11 .74 *

minimum sleep length -.09 .69 **

sleep length is sufficient .31 * -.02

worried about poor sleep .23 * .07

dream quantity -.16 * .15

dream estimation -.27 * -.01

bad-tempered in the morning .05 .24 ***

good getting up -.04 -.26 *

plenty of time in the morning -.12 .05

in a hurry in the morning .04 .05

time between going to bed and
turning off the liqht -.20 ** -.05

day time naps -.07 -.02

taking sleep drugs regularly -.17 * .00

dance with our expectations high correlations were found bet-

ween the variables, which had high loadings on one factor and

910



the factor scores of this factor. This supports the usefulness

of the "estimation procedure with so-called marker variables"

for factor scores (PAWLIK 1976). In Table 2 the correlations

between noise variables and sleep factor scores are shown.

Table 2: Correlations between noise variables and sleep
factor scores

F1 F 3

Sleep quality Sleep need

subjective noise annoyance -. 25 *** -.02

noise not perceived .14 -.03

neighbourhood noise -.10 -.07

industrial noise -.01 -.01

aircraft noise .03 .05

construction noise ......

railway noise -.12 -.06

road traffic noise -.15 * .03

- cars -.09 -.03

- trucks -.20 * -.04

- buses -.12 -.10
- motor-cycles -.12 -.01

noise in the morning -.09 -.05

- noon -.14* -.11

- afternoon -.07 .01

- evening .02 .07

- whole day -.11 -.08

- night -. 18 * -. 08

dwelling too noisy -.18 * .08

noise annoyance in residential
district -.25 * .00

change of residence considered
because of noise annoyance -.10 -.12

subjective noise susceptibility -.34 * -.12



Table 3 gives the relations between demographic variables and

the sleep factor scores.

Table 3: Correlations between demographic variables and
sleep factor scores

P 1 F 3

Sleep quality Sleep need

sex .15 * -.03

age -.31 * -.15 *

subjective health assessment .40 *** .05

unmarried .19 * .10

married -.10 -.03

divorced .10 .07

widowed -. 16 * -. 14 *

primary school -.15 * .01

secondary school .12 -.01

high school .07 .00

manager .05 -.08

official, employee .29 *** .03

independent businessman -.01 .01

skilled worker .01 -.06

worker -.02 .01

housewife -.25 *** .04

in education -.03 .06

retired -.13* -.11

unemployed .09 .14 *

As demonstrated in Tables 1-3, some other variables than

those connected with noise annoyance show significant correla-

tions to subjective sleep assessment. This is the case espe-

cially for the variables age and health, which can be consi-



-or

dered as possible moderator variables. Furthermore, it is de-

monstrated that the 3 environmental stress factors (noise,

smell, dust) show nearly the same significant correlations to

the sleep quality (see Table 4). The connections between the

annoyance variables and the sleep quality was analyzed by com-

putation of partial correlations. The subjective noise suscep-

tibility was only regarded as moderating variable between noise

annoyance and sleep quality. Table 4 shows that age, health

and total number of complaints (that means a general tendency

of complaining) are important moderator variables between en-

vironmental stress factors and sleep quality. But even under

simultaneous control of all moderator variables, the influence

of the noise annoyance on sleep quality is still remaining.

Table 4: Simple and partial correlations between moderator
variables, annoyance variables and sleep quality
(for space reasons not all possible combinations
are presented)

Simple and rtial age health nueber sleep eep quality
correlation with Of con- qual t

plaint. ___ ___ ___

control age health number age, ae,helta noise

variables of com- health ntr of marlable8 Plaints o lan tibility

age -. 35--- -.22-
t  

-.31*.

health -.35... -. 16 .40 .. .33*. .38..

number of complaints -. 22-* -.16 -.17-- -.26--- -.12 -.19..

noise annoyance .18.* -.20-- .10 -. 25-
*  

-.21- -, 19-e -. 24 .. -. 17"
e  

-.16' -.16.

dust annoyance .08 -.15- .17.. -. 22* -.2 * -.17- -.19nd -.17-* -.14"

smell annoyance .11 -.22... .13 -.21- -.19.* -.13 -.19.. -.13- -.11

CONCLUSIONS

Our data suggest, that in conformity with our expectations

annoyance is closely related to subjective sleep quality, i.e.

self-estimation as a poor sleeper, difficulties to get asleep,

often nightly occurring awakenings, sleep length, worries

about poor sleep and unpleasant dreamings. Age, health and

noise susceptibility are the most important moderator varia-

bles between noise annoyance and sleep: With increasing age,
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bad health and noise susceptibility, the perceived annoyance

is growing, while sleep quality will be assessed worse. Smell

and dust annoyance are also correlated with sleep quality;

compared with noise annoyance they are of lower importance.

REFERENCES

Brantzen, M., Erhebung tiber das Schlafverhalten von Arbeitnehlrern mit 12-
Stunden-Schicht im Vergleich zur Ar jitnehmern mit normaler Tagesar-
beitszeit. Dissertation, Mainz, 1979

Domino, G. & Fogl, A., Sleep patterns in college students. Psychology:
A Quarterly Journal fo Human Behavior 17, (4), 7-14, 1980

Ehrenstein, W., Schuster, M. & Weber, F., Verkehrsl~ir, Schlafverhalten
und Biorhythmik. Zeitschrift f r Arbeitswissenschaften 31 (3NF),
176-181, 1977

Frankel, B.L., Coursey, R.D, Buchbinder, R. & Snyder, F., Recorded and re-
ported sleep in chronic primary insomnia. Archives of General Psych-
iatry 33, 615-623, 1976

Gloag, D., Noise and health: Public and private responsibility. British
Medical Journal 281, 1404-1406, 1980

Griefahn, B., Research on noise-disturbed sleep since 1973. In: Tobias,
J.V., Jansen, G. & Ward, W.D. (eds), Proceedings of the third inter-
national congress on noise as a public health problem, Rockville:
ASHA Reports 10, 377-390, 1980

Griefahn, B., Jansen, G. & Klosterkoetter, W., Zur Problematik lrmbeding-
ter Schlafst6rungen. Eine Auswertung von Schlafliteratur. Berichte
4/76. Berlin: Umweltbundesamt , 1976

Griefahn, B. & Muzet, A., Noise-induced sleep disturbances and their ef-
fects on health. Journal of Sound and Vibration 59, 99-106, 1978

Hartmann, E., What is good sleep? International Psychiatry Clinics 7,
No. 2, 59-69, 1970

Hauri, P., What is good sleep? International Psychiatry Clinics 7, No 2,
70-77, 1970

Hoddes, E., Zaroone, U., Phillips, R. & Dement, W.C., Quantification of
sleepiness: A new approach. Psychophysiology 10, 431-436, 1973

Jurriens, A.A., Noise and sleep in the home: Effects on sleep stages. In:
Koella, W.P. (ed): Sleep 1980. 5th European Congress on Sleep Research,
Amsterdam 1980. Basel: Karger, 217-220, 1981

914



Langdon, F.J. & Buller, I.B., Road traffic noise and disturbance to sleep.
Journal of Sound and Vibration 50, 13-28, 1977

Monroe, L.J., Psychological and physiological differences between good
and poor sleepers. Journal of Abnormal Psychology 72, 255-264, 1967

Pawlik, K., Dimensionen des Verhaltens. Bern: Huber, 1976

Pleimes, U., Uber Schlafverhalten und Persbnlichkeit. Dissertation,
Freiburg, 1972

Strauch, I., Schneider-DUker, M., Zayer, H., Heine,H.W., Heine, I., Lang,
R. & Mller, N., Der EinfluB sinnvoller akustischer Signale auf das
Schlafverhalten. Arbeiten der Fachrichtung Psychologie, Nr. 20.
SaarbrckerxL Universitat des Saarlandes, 1974

Vallet, M., Gagneux, J.M. & Blanchet, V., Noise and sleep at home: Stage
changes and arousals. In: Koella, W.P. (ed): Sleep 1980. 5th European
Congress on Sleep Research, Amsterdam 1980. Basel: Karger, 1981

Webb, W.B., Bonnet, M.H. & Blume, G., A post-sleep inventory. Perception
and Motor Skills 43, 987-993, 1976

Webb, W.B. & Cartwright, R.D., Sleep and dreams. Annual Review of Psycho-
logy 29, 223-252, 1978

Wehrli, B., Nemecek, J., Turrian, V., Hofmann, R. & Wanner, H.U., Auswir-
kungen des Stra~enverkehrslhrm in der Nacht. Kampf dem L rm 25,
138-149, 1978

Weitzma7in, E.D., Sleep and its disorders. Annual Review of Neuroscience
4, 381-417, 1981

qj1



SLEP DISTURBANCES - AFTER EFFECTS CF DIFFERENr TRAFFIC NOISES

dhrstr&n, E.

Department of Environmental Hygiene, University of Gothenburg, Gothenburg,

Sweden.

INTRODUCTION

In most previous studies, the effect of noise on sleep has been

evaluated using EEG measured changes of sleep patterns. Although abundant

information exists on the influence of noise on sleep patterns, the

medical consequences of these alterations are not well understood. From a

medical point of view, studies of subjective sleep quality and other after

effects of noise-disturbed nights ray yield important information for an

evaluation of long term consequences of disturbed sleep. It is reasonable

to assume that disrupted sleep over longer time periods could result in

physiological and medical effects such as an increased tiredness,

decreased capacity to perform and decreased social orientation. Such

effects usually disappear after recovery in undisturbed sleep, but there

is a risk, if the resting period is chronically disturbed, that these

changes will increase in severity over a longer time period.

The aim of the present studies was to develop nathods to study after

effects of noise-disturbed sleep and to evaluate the importance of
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continuous versus peak noise. Effects on sleep quality and mood were

evaluated with different questionnaires. The effect of performance was

evaluated from a reaction time test, earlier used in sleep studies.

For the purpose of the present experiments it was considered satisfactory

to monitor sleep patterns with body movements which largely parallel EEG

changes. This registration does not interfere with sleep quality and there

is no need for habituation to the measuring equipment.

Experiments were performed in a sleep laboratory and under field

conditions. In a first laboratory experiment the effect of intermittent

and continuous, even traffic noise was evaluated and in a second

experiment effects of intermittent noise with different peak noise levels

was used to elucidate the importance of peak levels.

In order to further assess the suitability of the bed movement indicator

and the sleep questionnaire, a field study was undertaken in an apartment

building before and after noise insulating windows had been installed.

1. LABORATORY EXPERD924TS

MATERIAL AND METHODS

Subjects. In the laboratory experiments, the subjects were medical
students 18-35 years old. Six persons particioated in the first exiri-
ment and 12 persons in the second exneriment.

Locations and experimental routines. The subjects slept in a laboratory
furnished as a bedroom with an ordinary bed, comfortable chairs, radio and
TV. An area adjacent to the sleeping roam was available for preparing food
and eating. The temperature in the sleeping roan was 18-19*C. During the
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week of one experiment, subjects carried cut a performance test at 22.00
h. filled in a questionnaire and went to bed at 23.00 h. They were

awakened at 07.00, whereafter they filled in another questionnaire and
again carried out the performance test.

The subjects slept five or six nights in the laboratory during the second
week. The first 1 or 2 days were quiet for habituation and the last 3 or 4
nights the subjects were exposed to different noise climates in a
randomnized way.

Noise exposure. The noise was taped traffic noise. In experiment I,
continuous noise with an even character, Leq 51.4 dB(A) and intermittent
noise fron 37 single passages of cars with a peak level of 80 dB(A) and an
Leq level of 51.4 dB(A) was used. In experiment II, intermittent noise
with a peak level of 60 and 70 dB(A) respectively and a Leq level of 34.5
and 42.5 dB(A) was used.

Evaluation of effects

Body movement indicator. Body movements were registered with an indicator
fastened under the bed. Movements were calculated as average number of
movements per hour or per eight hours of the sleeping period. The
movements were registered simultaneously with noise exposure recordings,
which made it possible to determine whether a certain noise event had
caused a body movement. A positive relation was considered to be present
if the movement appeared within 20 s after the noise event.

Sleep quality and mood. An evening questionnaire contained questions about
the situation during the day with reference to stress and tiredness. A
morning questionnaire contained questions on time required to fall asleep,
sleep quality, the nber of awakenings and the reason for them, tiredness
and irritability. The subjective responses were graded by using a 100 mn
line with the endpoint markings poor-gcod, tired-alert and irritated-

friendly.

The mood questionnaire (Sjbberg et al., 1977), contained a total of 71
different adjectives with reference to feeling and mood. These words are

grouped to form six different variables; pleasantness, activation,
calmness, social orientation, control and extroversion. The scale runs
fran 1 to 4, allowing the test person a choice as to whether he agrees
definitely, slightly, not or definitely not to the mood adjective in
question.

Performance test. An apparatus based on the principle described by Le Vere
1975, was developed to test performance. The apparatus is shown in

Figure 1.



Figure 1. Performance test apparatus

The test is a three choice reaction speed test with a built in memory
function. The test results were calculated as the number of correct
answers, the nLuber of false answers and the average time in ms between
correct answers. The test was administered for 20 minutes and the results
were evaluated for each 10 min period. As the test required learning and
practice the subjects trained 40 min/day for five days before experiment.
The results were calculated as the difference between the evening and
morning results after the night spent in the laboratory.

RESULTS

Body movements. Daring experiment 1, where subjects were exposed to

continuous and intermittent noise, five of six persons showed an increased

number of movements during a night with intermittent noise. The average

nutber of movements increased from 145 to 169 (16%) during a night with

continuous noise and to 177 (22%) during a night with intermittent noise.

An average of 63% of the passages of vehicles caused a movement by the

test persons.91



During experiment 2 with intermittent noise at different peak levels, the

number of movements during nights increased with 11%. The difference was

significant (Students' t-test cne- tailed) between the reference night and

the night with 60 dB(A) intermittent noise. During nights with 70 dB(A),

the subjects had significantly more awake time (70 min (mean value))

according to the questionnaire copared with 26-30 min during reference

nights and nights with 60 dB(A). Body movements were caused by 40% of ti

passages at 60 dB(A) and 54% of the passages at 70 dB(A). The ntmber of

movements increased during the time periods 2400-0200 and 0500-0700 when

the number of noisy events was highest. The correlation between the

proportion of movements and the hourly Leq was 0.83-0.86 for the noisy

nights. During quiet nights the movements were distributed in a different

way. This is illustrated in figure 2.

Noise

movements 1

%'h

20-

-70 dB A

quiet

10-

2300 0700 hrs

Figure 2. Relationship between body movements and intermittent noise.
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Subjective sleep quality and mood. The results are sx) wn in table I for

the two lab experiments.

Table 1

Subjective sleep quality; mean values after nights with different noise

exposures.

Experiment 2 Experiment 1

Inter- Inter- Inter- Con-

Noise Quiet mittent mittent mittent tinuous Quiet

Peak dB(A) -- 60 70 80 . .

Leq 31.1 34.5 42.5 51.4 51.4 34.0

N 12 12 12 6 6 6

Sleep quality 7.4 5.2* 4.7* 3.Oxxx 6.8xx 8.2

Tired-alert 4.8 4.2 3.7 3.9 4.8 5.5

Irritated-

friendly 7.2 6.1** 6.0** 6.7 6.3 6.8

Awakened 1.2 3.6** 6.3** 4.5xxx 2.5 1.5

SQI 12.1 9.0* 7.8* 2.4xxx 9.0 12.1

x Students' t-test, * Wilcoxon's test

Caipared to reference nights, sleep quality variables decreased during

nights with intermittent noise at all three noise levels. The difference

between reference nights and nights with continuous noise was only

significant for one variable (sleep quality).



In view of the results, the three masurements sleep quality, rinTber of

awakenings and tired-alert were combined into a sleep quality index (SQI).

The difference in SQI between reference nights and nights with

intermittent noise was significant as was the difference between the

nights with different noises. The norning vaLues for tired-alert were

compared with those of the evening before. This is illustrated in figure

3. Subjects felt less tired after the reference night carpared to the

evening before. This was also the case for continuous noise and 60 dB(A)

intermittent noise. After 70 and 80 dB(A) intermittent noise, the subjects

felt more tired comrpared to the evening before.

020-j

40- Exp.2 Exp. 1

0

-20-

-40-

Leq 31 34.5 42.5 51.4 51.4 34
dB(A) -
max 60 70 80 - -

Figure 3. Tired-alert. Deviations in % fron value in the evening.

The results fron the mood questionnaire showed a tendency towards poorer

values on all six variables after nights with intermittent noise but not

after continuous noise in experiment i.



In experiment 2 all nmod variables except calnress were poorer after noisy (

nights compared to reference nights The differences were, however, only

significant for extroversion. When morning values were omipared to the

values of the evening before for the different mood variables, values for

pleasantness, calmness and control were found to be higher in the nornings

after reference nights. After noisy nights no variables showed a higher

morning value.

The relationship between SQI and noise levels is illustrated in figure 4.

A poor relationship was found between SQI and Leq level (r = 0.51). When

dB(A) max was related to SQI, a better dose-response relationship (r =

0.93) was found.

Sol

10-

5- -

Leq 31/34 34.5 42.5 51.4 51.4
dS(A)max - 60 70 80

Figure 4. Relationship between SQI and noise level.
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Performance test. The results fra the performance test are shown in table

table 2.

Table 2

Performance test; results on the first 10 min of the test as differences

between evening and morning results.

Experiment 2 Experiment 1

Inter- Inter- Inter- Con-

Noise Quiet mittent mittent mittent tinuous Quiet

Peak dB(A) -- 60 70 80 .. ..

Leq 31.1 34.5 42.5 51.4 51.4 34.0

Reaction time

speed (ms) +31.4 +4.8 +8.7 -14.0 +37.7 +3.5

Total responses +65.0 +19.7 +20.6 -23.7 +24.3 -0.8

Correct responses +58.9 +16.9 +14.9 -17.3 +30.0 +0.3

Mistakes -5.3 -2.7 -5.2 +6.3 +6.0 +1.2

% mistakes +0.5 +0.4 +0.1 +0.5 +0.8 -0.3

+ = Better than evening test, - = Poorer than evening test

In experiment 1, the reaction time after the reference night was slightly

better (+3.5) when the morning value was crmpared to the evening value.

The mean reaction time after nights with intermittent noise was longer

(-14.0) copared to the values fran the previous evening, while the

continuous noise had no adverse effect on the reaction time. A tendency

towards poorer reaction time and a lower nutber of correct responses

(p.<0.10) was found after nights with intermittent noise ccupared to

nights with continuous noise.

L ,.



In experiment 2 the improvement in performance oer night was less after

noisy nights (+4.8, +8.7 against +31.4 after the quiet nights) but the

differences were not statistically significant.

Relation between movements, subjective variables and performance. The

relationships (Spearmans' correlation coefficient) between different

subjective and objective measures of sleep disturbances were analyzed for

experiment 2, days 1-6.

All correlations between body movements and subjective variables went in

the expected way. Significant correlations were found between movements

and subjective awakenings, irritation and calmness. The rumber of mistakes

and the percentages of mistakes on the performance test increased after

nights with more movements, but the correlation coefficients were low.

SQI was positively correlated with the different mood variables, at

significant levels for activation, extroversion, social orientation and

pleasantness. SQI and sleep quality was also significantly correlated to

the result of the performance test (total number of responses, correct

responses, nurber of mistakes and mean reaction). The better the SQI, the

better the test result. An increased number of awakenings tended to cause

a poorer result on the performance test.

2. FIELD SIUDY

MATERIAL AND METHODS

The field study was undertaken in an apartment building close to a

road with frequent traffic, before and after installation of noise



insulating windows. Three persons, 23, 53 and 70 years of age
participated in the study. They filled in the sane sleep questionnaire as
in the laboratory experiments before and after the window insulation.
Bodymovements and noise exposure was recorded four nights during the same
time periods.

The traffic noise levels were 35 dB(A) Leq before and 26 dB(A) after the
noise insulation. Before the insulation there were 311 traffic noise
events between 37-42 dB(A) against 93 afterwards, 158 events between 43-48
dB(A) before against 26 afterwards and 25 events between 49-54 events
before against 0 after the noise insulation.

RESULTS

The number of movements registered per hour among the three test

persons was between 9.6 and 19.2. A decrease in the nunber of movements

was recorded after the window insulation for all three test persons.

As regards subjective sleep quality, test person 2 reported a clear

improvement and test person 3 a slight improvement. Test person 1 reported

a slight decrease in sleep quality (see table 3).

Table 3

Bed moveents and sleep quality before and after insulation of windows for

test persons 1-3. Figures in parenthesis indicate standard deviation of 4

measurements.

Subject 1 2 3

before after before after before after

Movements/ 19.2 12.1* 13.4 5.6* 9.6 6.0
sleep hour (1.6) (2.9) (5.0) (1.5) (1.5) (3.3)

SQI 15.7 13.3 -1.0 10.4* 13.4 15.9
(2.7) (8.6) (0.8) (3.2) (5.6) (0.8)

* p < 0.05 Wilcoxon rank sum test



CONCLUS IONS

The laboratory experiments have shown that the sleep quality index

(SQI) is well related to the peak noise dose. Body movements frequently

occurred immediately after a peak noise event and were significantly

related to subjective awakenings and irritability in the morning. It is

suggested that future sleep studies should incoperate measurements of SQI,

performance and mood to elucidate after effects of noise-induced sleep

disturbances. These measures, as well as body movements, allow for

large-scale investigations in the field which are necessary in order to

study long-term effects of environmental noise on sleep.

The results from the laboratory experiments and the field study show that

traffic noise disturbs sleep (decreased sleep quality and mood and an

increased number of body movements) at Leq-levels below 35 dB(A).

Intermittent traffic noise has more adverse effects (decreased sleep

quality and a tendency tawardg worse mood and performance) than a

continuous traffic noise at the same Leq-level. Peak levels around 45

dB(A) indoors caused awakenings in the field study. The results underline

the importance of peak noise levels rather than the total noise energy in

Leq for sleep disturbance effects. Thus noise-reducing measures to protect

against sleep disturbance effects should be focussed on a lowering of the

loadest or most annoying noises.
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INTRODUCTION

Up to the present, noise limits at night are based on findings from social

surveys. Besides annoyance as a health hazard also health damaging

physiological effects could be involved. Additional knowledge on the

relation between health and noise-induced sleep disturbances is therefore

desired to set these noise limits definitively. Recognizing a lack of

experimental data on this relation, especially from field studies, the

Commission of the European Communities has initiated an environmental

research project to study influences of traffic noise on sleep and

subsequent well-being of people at home, living in a noisy environment.

This joint European study was carried out in four countries: France (FR),

the Federal Republic of Germany (FRG), the Netherlands (NI.) and the

United Kingdom (UK). Results of separate teams can be found in a number

of other papers [1-71. Also some common results on certain aspects have

been presented (8]. This paper gives a synthesis and an evaluation of a]]

common results and strikes a balance of such a research collaboration.
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DESIGN

Altogether 70 healthy and normallv hearing, subicit , men and woritn ,f
different ages, slept both in relatively nisv and in relativcly qui.t
conditions. For 52 subjects the normal conditiin was nisv (N), or I
subjects it was quiet (Q). The experimental conditien was r,.,Ilized 1v
fitting double glazing (UK and N1.), by using tarpl ugs (FR(;), ly m,vln)
subjects to a quieter bedroom (FR) and by opening, winid,ws (FRC and N!.)
In most cases a N-Q-N design was used, but other condition scquencc-
like N-Q and Q-N were examined too. Typical values tr the tilmihr ''t
nights per condition were 5 and I. Thus the study in luded total ly
about 1000 nights.
Each night, acoustical and physiological signals were recorded and cA, i
morning and in some cases each evening subjective responses and
performance measures were registered. All teams recorded the indoor
sound level in dB(A), EEG, EOG, subjective sleep quality and reaction
time (unprepared simple or four-choice) in the morning. Further

registrations were: real sound (UK all nights and FR some nights),
EMG (FR and NI.), EKG (FR, NI. and UK), respiration (NL), body motility
(FRc and NI.), signalled awakenings (UK), mood in the morning (Nb), well-
being by day, inquired in the evening (NL), four-choice serial reaction
time, auditory short-term memory and the Wilkinson vigilance test in the
morning (UK), and four-choice reaction time in the evening (FRG).
From all material registered, certain parameters were selected by the
joint teams, to be generally analysed in terms of differences between the
averages of measurements during the conditions noisy and quiet. Besides
this joint analysis, other all-night and transient effects were analysed

on an individual-team basis. Nonparametric statistics were used for all
analyses.

CODION CONCLUSIONS

Where possible, all team results on the basis of differences between

condition averages per subject have been pooled to look for significant

sign distributions. As common conclusions also those significant tear,

results are considered, which are in the same direCtion for at least two

teams, and which are not sipni ficant lY in the opposi tc direct in lor ov

other team.

Thus the following ctrnon conclusions irt stated:

1. On an average, subjects spent f.wer minutes in R i -, dulin n o i.\

nights (combined results of al I teams, mt.tn di!tirtin, 6.-) rinut,

N = 67 subjects, p , 0.0)2, 1iloxse siotil-riol tt.t i.

2. After relatively noisy nihht t p rt, ,rtm. c w.i . t!- t. d .dv 1- %.

appearing, from increasing rlet i i tirit' w It imp pa-n! irl,-

(itt
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reaction time test (combined results of three t eos , r:an inc r.,,

12 ms, N = 27, pO.OO5, Wilcoxon, see also [8dI). This conclusin is

reinforced by a significant result of tile fourth team: mort. errors i 0

the four-choice reaction time test after noisy nihts, comnpare-d to

the evening before, and for some subgroups also nut re lated to tl,

evening before. Two teams found this increasing reaction time aft.r

noisy nights also separately.

3. After relatively noisy nights the subjective sieep qua.litv wa. r-dod

(combined results of all teams, mean difference 7,, N h2, 0 . Wl,

Wilcoxon, see also [Sd]). Two teams found this si),nificalt re.sult il-,

separately.

4. Wakefulness increased during relatively noisy nights (significant

results of two teams separately).

5. Based on a minute-by-minute correlation analysis, the (mean) heart

rate increased with increasing (equivalent) sound level (significant

result of three teams).

6. The variability in heart rate was higher for noise events with hi hr

peak sound levels (significant result of two teams).

To make sure that results of EEG analysis were comparable, the two,

different automatic sleep stage scoring systems used by three team, and

the visual scorers of the fourth t.am analysed the same 41 ni) ,hts.

It was demonstrated that the percentage agreement hetween the two vi sial

classifications was not better than the percentage agreement between the

two automatic systems and visual scoring or between the two automatic

systems mutually. All percentages were in the range of 71 - 807, between

tile two automatic systems giving the highest average valutes.

it(



DISCUSSION AND EVALUATION

Studying the influence of noise upon sleep, especially in the field,

means looking for relatively small effects on parameters which may show

large variations for various reasons.

With respect to this study, the following potential kinds of variation

can be mentioned:

I. Variations between nights, between subjects and between teams, due to

differences in actual noisy and quiet conditions. Table I illustrates

this.

FR FRG NL UK

N 42-52 47* 43* 41-52 42-52

[ 27-44 40* < 34* 35-43 41* *: AVERAGED

14- 2 7* > 9* 14- 4 6* OVER SUBJECTS

WINDOW EARPLUGS

GROUP GROUP

Table I. Variations between subjects and between teams in mean

eCIuivalent sound levels in dB(A) for noisy (N) and quiet

(Q) conditions and in differences (D) between these

condition averages.

Besides the noise-related variations, other important kinds arc:

2. Variations from night to night within the same sub1hcC t , due to normal

physiological variabilitv of parameters or to other environurintl or

somatic and psychic influences. The necessarilv limited number of

nights enhances these intra-individual variatins.

',
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3. Variations between subjects within a team, due to etnvironmental

effects (for example seasonal influences and noise dose by day), due

to differences in design aspects (for example condition se(quence),

and due to social an personality factors.

Only to a limited extent could some of these variations have been

avoided. Recording about 250 nights per team with one equipment set

takes about one year and hence allows seasonal variations. Usin0 the

same condition sequence, e.g. ABA, reinforces the statistical power,

but having BAB as well helps to eliminate effects related to the

experiment itself. Selection on social and personality factors again

assists statistical strength, but gives results a limited generality.

4. Variations between teams, due to different design aspects noted in

section 2, especially differences in realizing the experimental

condition. Opening windows, wearing earplugs or moving subjects to

another room can introduce other effects of various magnitude in

relation to noise effects.

Summarizing, one can say that elimination of some of the sources of

variation might have given more or more pronounced conclusive results.

On the other hand, when still certain effects emerge, in spite of all

these variations, the effects found must be considered to be of some

importance and power. Looking at the common conclusions in that light,

they are evaluated as follows:

I. The convincing conclusions on after-effects are a clear indication

that noise has an adverse effect on the restorative function of sleep.

Living in a noisy environment for years, people still have the feeling

that they sleep worse in noise and are less refreshed in the morning,



as reflected in their performance.

This must be seen as a potential health effect.

2. Concerning the physiological conclusions, the most pronounced is the

effect of noise on heart rate . Even after years of habituation to

the noise situation, and similarly in relatively noisy and quiet

conditions, noise events disturb the heart rate, more at higher peak

levels.

This compared to daily loads small, but clearly and constantly present,

extra physiological load during the night should be indicated as a

potential health effect. It is in contradiction with the principal

meaning of the sleep: relaxation.

The conclusion on EEG effects are less pronounced, although here too

after years of exposition various signs of disorganization of the

normal sleep pattern remain present. The decrease of REM sleep during

noisy nights is a finding of interest, but difficult to interprete.

As REM sleep is often associated with psychic recovery, it could be

a possible health effect. But the trend was not the same for all teams

and the meaning of REM sleep has not been proven beyond any doubt.

Similar problems occur with findings on other sleep stages.

Generally speaking one should conclude that sleep stage effects are

still precarious indicators of sleep quality and health effects.

On the other hand, the increase in stage W during relatively noisy

nights must be seen as a disturbance of the wanted parasympathi-

activity of the organism and should be considered as a potential

health effect.

An important question is : Do these potential health hazards result in

9 14
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actual health damage? As already mentioned, the effects found are

relatively small and well within normal ad,.-tation ranges. But having

relativelv small extra physiological and psychological loads year after

y-e.r could interact with other (larger) loads in daily life to

precipitate a breakdown in health. A definite answer to this question

can only be given by epidemiological studies on an appropriate scale.

Studies of this kind are therefore strongly recommended.

From the common results no quantitative relations between noise

measures and the potential health effects found could be deduced.

As the actual health consequences need also further determination,

no pronouncement upon noise limits based on sleep disturbances can

be made yet. But this joint study gives clear indications on which

features future experimental and epidemiological research should be

focussed to set limits definitely: cardiovascular measures and after-

effects. Another important aspect is to look at individual differences

like personality factors and sensitivity to noise to determine

certain risk groups.

In summary of this attempt at collaborative research the following

conclusions are offered:

- An extensive field study like this requires much effort to develop

partly novel experimental procedures and analysing methods, and to

reach a sufficient common approach for all teams. One can hold

different views whether the common approach was sufficient or not,

but the collaborative experience and joint lessons learned in these

matters are an important achievement in itself. As it becomes

increasingly impossible to afford scattered and often duplicating

I,
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DOES DOUBLE GLAZING REDUCE TRAFFIC NOISE DISTURBANCE DURING SLEEP ?

A. Kumar, J. H. M. Tulen, W. F. Hofman, R. van Diest, and A. A. Jurriens

Psychophysiology Laboratory, University of Amsterdam, Amsterdam

TNO Institute of Environmental Hygiene, Delft, The Netherlands

INTRODUCTION

Noise caused by the pnssing traffic during the night, can be considered

as unwanted disturban:e of sleep. Most of the measures taken to reduce

the sound, reduce only the sound level. The relation between the physi-

cel characteristics of sound and an individual's perception of it as

annoyance is complex and unclear. Moreover, we can not obtain a direct

measure of annoyance during sleep. The annoyance during sleep is mani-

fested in the physiological responses to the sound stimuli and the quali-

ty of sleep perceived in the morning. Both may result in deterioration

of functioning during wakefulness which is caused by noise disturbance

during sleep.

The possible consequences of the psychophysiological disturbance to the

general health and well-being can only be established by performing a

long-term experimental study. A long-term study is not free of ethical

and practical problems. Therefore, we selected a group cf subjects who



were already exposed to traffic noise during sleep for a long period and

who were studied in their home along a highway with high traffic density.

These results are obtained under conditions of 1) normal sound level, and

2) reduced sound level by double glazing. The results presented in this

paper provide an evaluation of the effectiveness of double glazing in re-

ducing disturbance or annoyance due to traffic noise.

MATERIAL AND METHODS

A. General

An experimental sleep study in the homes of 12 subjjects was done. The
EEG, EOG, ECG, respiration and indoor sound level, were recorded for 10
nights each in the two conditions: namely 1: normal sound level, and 2:
reduced sound level. The indoor sound levels were decreased by about 10
dB(A) by means of double glazing of the windows. This is a very common
method of reducing traffic-noise in the homes.

B. Psychological measures

The annoyance caused by disturbance during sleep manifests itself in
mood and sleep quality assessed by the subject. The Profile of Mood
States ( McNair et al., 1971) and the Amsterdam Sleep Quality Question-
naire ( De Diana et al., 1975 and Visser et al., 1978) were used as quan-
titative measures of mood and sleep quality respectively. An unprepared
Simple Reaction Time (SRT) in the morning was employed as a measure of
performance. A questionnaire, providing subjective evaluation of

1) tiredness during the day, and 2) psychological functioning during the
day, was administered in the evening.

C. Event-related Cardiac Response

The phasic cardiac disturbances due to noise were analysed by an
Event-related Cardiac Response (OR) technique. A peak in the Oontinuous
sound level signal was defined as an event if it was at least 10 dB(A)
above L90 (considered as a background level).The peak should also be sep-
arated by at least 30 beats from other peaks of equal or lower peak
level. The continuous sound level signal was digitized, at the moment of
RR incidence in the ECG, along with the time interval between the two RR
Incidences. We grouped peaks in different classes of slope, duration and
peak-level. The change in beat-by-beat heart-rate of 15 beats before and
15 beats after the peaks were averaged to obtain an ECR. The magnitude
of cardiac response from this ECR was calculated as shown in Figure 1.



Figure 1. A plot of a typical
ECR at the top and the cor-

responding averaged stimulus
at the bottom from one night
are shown. The vertical dot-

ted line shows incidence of
peaks. The SXR is averaged

by calculating difference in
C

beats per minute of each beat -

from a base-line beat which o

is 15 beats before the peak. 01

Lags are in beats. The ECR
and the averaged stimulus
were obtained by averaging

all peaks with a slope of
more than 3dB(A) per sec..

The magnitude of the cardiac

response was calculated as a

difference between the maxi-

mum and the minimum of the

ECR within the 4 beats of ei-

ther side of peak. .. . .. . .. .

Lags

RESULTS

A. Psychological Effects

Sleep and wakefulness are two interrelated states. Daily functioning is

influenced by the quality of the sleep the night before, and the sleep

quality is considered to be directly related to the restorative value of

sleep. By means of a path analysis we can calculate the effects of the

restorative value of sleep on daily functioning. In our case the daily

functioning is measured by means of the Total Mood Disturbance and the

Simple Reaction Time. The difference in the restorative effects thus es-

timated, is a measure of the efficacy of the insulation in reducing psy-

chological disturbance or the annoyanee due to noise. For this purpose

we used the path analysis in two different conditions. The results are

shown in figure 2.



Figure 2: Significant (p .05) path coefficients showing the relation

between sleep quality and functioning in the morning for the two con-

ditions.
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These results are interpreted as follows. During the nights without in-

sulation, the quality of sleep is so law that both performance and mood

are negatively effected. The installation of sound insulation is not ef-

fective enough to increase the restorative effects of sleep because we

see that the improvement in the sleep quality is not sufficient to avoid

negative effects on performance.

B. Physiological Effects

These results established that the psychological effects of noise dis-

turbance during sleep i.e the annoyance were not reduced by sound insula-

tion, but we do not know whether the sound insulation helps to reduce

physiologically measured sleep disturbances. For this purpose, we have

to obtain direct measures of disturbance during sleep. The results on

effects of noise on sleep stage parameters are already presented by Jur-

riens (1981). Moreover, from epidemiological studies on health and

.'42



noise, the prominence of cardiac disorders are often reported.We thus

looked in detail into heart-rate disturbances due to noise. Cardiac and

respiratory mechanisms are interrelated, therefore, results on effects of

noise on respiration rate are also presented.

B.? Respiratory Effects

The mean respiration rate was correlated with the Leq of sound level per

minute. The results were:

- The number or nights with significant (p<.O5) correlations were
higher with insulation (80%) than without insulation (70%).

- Both number and level of positive correlations were not different
from that of the negative correlations. This is due to the fact
that an increase or decrease in respiration rate as response to
the stimulus, depends on the phase relation between stimulus and
the respiratory signal.

B.2 Cardiac Effects

The correlations between the mean sound level and the heart-rate meas-

ures per minute were positive in both conditions. But 'he number of

nights with significant (p<.05) positive correlations were higher with

insulation (84.7%) than without insulation (76.3%). The regression coef-

ficients showed that an increase of 5 dB(A) in sound level amounted to an

increase of:

- a mean or 1.9 beats per minute

- a standard deviation of 2.96 beats per minute

An ANOVA for repeated measures for difference between the two conditions

revealed significantly (p<.01) higher correlations between heart-rate and

Leq in the condition with the sound insulation than in the condition

without the sound insulation. This means that effect of sound level on

91--



heart rate was larger in the condition with sound insulation than in the

condition without insulation.

Because the increase in the standard deviation of the heart rta-

higher than the increase in the mean heart rate, we might say tha. '%e

phasic mechanisms are involved in the cardiac disturbance during sleep.

The phasic cardiac disturbances were analysed by employing the

Event-related Cardiac Response method described earlier- in this paper.

Different regression coefficients between the magnitude of the cardiac

response and the characteristics of peaks were calculated in each condi-

tion. The results were:

- The cardiac response increased at a rate of 0.43 beats per minute

for an increase of slope of the peak by 1 dB(A) per second without
insulation. Moreover, there was an increase of 0.86 beats

per minute per dB(A) per see. with sound insulation.

- There was a decrease of .215 beats per minute for one second

increase in the duration of the peak without insulation. The
sound insulation did not show any significant regression of the
duration of a peak with the cardiac response.

- The mean value of the cardiac response was 2.1 beats per minute
with insulation and 1.95 beats per minute without insulation.

These results clearly show that the phasic cardiac disturbances are not

reduced by sound insulation. Thus, we have provided evidence that the

efficacy of the sound insulation in reducing physiological disturbances

is totally absent.

Both the psychological and the physiological results forced us to doubt

the efficacy of the double glazing in reducing disturbance during sleep.

We then ask: ihat are the acoustic effects of double glazing ? In next

section, we present results on acoustic efficacy of insulation.
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C. Acoustic Efficacy

For establishing the acoustic efficacy of the noise abatement measures,

we have to establish the acoustic properties of the signal which are re-

levant to the physiological disturbance and which represent the passing

vehicles. From the results on the cardiac disturbances, we know that the

slope and the duration of the peaks are major disturbing factors. We

compared the distribution of the number of peaks according to the slope

and the duration of the peaks. 14 nights from both conditions were used

for this comparison. These nights represent different conditions, viz.

acoustics of the surface between the highway and the house, location of

the home, high-way and traffic density. See Figures 3 and 4 for details.

The sound insulation did not change the total number of peaks but it only

changed the skewness of the distribution.

Figure 3: The
average distribu-
tion of the N aNSLPTION

number of peaks I NSULAT0

of 14 nights, ac-
cording to the ,---'

slope of the ris- J
ing part of the t
peak. The reso- 60 -

lution of the
bin-width is 1
dB(A) per second. 40

The broken line
indicates sound
insulation, while
the continuous
line shows the 0L 2 0 N S 6 0 6

normal sound 5 01 F N 0619A SIC

level condition.



Figure 4: The
distribution of

the number of
peaks of 14 ,,'

nights, according
to the duration
of the peak. The
resolution of the
bin-width is 0.5
second .The bro-
ken lines indi-
cate sound insu-
lation, while the
thick line shows
the normal sound -

level condition.

Our definition of peaks assures that only sufficiently isolated peaks of

relatively high amplitude are considered. But these peaks are not a true

representation of the sound level characteristics of the passing vehi-

cles. We estimated the range of the slope of the rising part and the du-

ration of each peak which is related to the range of the speed of vehi-

cles passing on the high-way. For this, pirposo, we utilized:

- distance of the house to the highway
- surface between the high-way anrd the homes
- attenuation with distance characteristics of the sound levels

given by Alexandre et al.(1975).

The clusters obtained from the cross-tabulation matrices between the

three variables: 1) level of the peak, 2) slope of the peak and 3) dura-

tion of the peak, were also used ( see Tulen et al., 1993, for detailsI

This resulted in the following characteristics of the peaks in the con-

tinuous sound level which are dominant during the night and which are

caused by passing vehicles:

dht



- the slope of the rising part of peaks between 2.0 and 7.0 dB(A) per

second.

- the duration of peaks between 1.0 and 4.5 sec.

- the corresponding peak levels were between 36 and 48 dB(A) with

insulation and between 45 and 60 dB(A) without insulation.

There was no significant difference in the mean number of peaks between

the two conditions. Moreover, there were significantly more peaks of

shorter duration in the condition with the sound insulation. The acous-

tic efficacy of sound insulation on sleep by double glazing is not shown.

It should be noted that the above characteristics do not represent all

vehicles. Vehicles passing in parallel, or passing in the opposite di-

rection were not included, because we were interested in temporally iso-

lated peaks for the estimation of physiological responses. These results

also support our method of estimating vehicle-related peaks.

The physiology of sleep has different ultradian and circadian charac-

teristics. Therefore, the temporal distribution of peaks may also have

an effect on the disturbance during sleep. We examined the temporal dis-

tribution of both the sound level and number of peaks. The results were:

- The number of peaks and the level of sound show a dip around the

middle of the night. It corresponds, however, to an expected
decrease of traffic-density in the middle of the night.

- The mean slope and duration of the peaks for each 10 min. period

is constant over the nights and is similar in the two conditons.

The temporal distribution of the mean slope of the peaks, in the two

conditions is shown in figures 5 and 6.



Figure 5: Mean
slope of the
peaks calculated
per ten minutes

is shown. The -,

x-axis is divided
in hours. The ! A

data were obta-
ined from a typi-

cal night, re-
corded with sound
insulation.

Figure 6: Mean
slope of the

peaks calculated
per ten minutes i

is shown. The j
x-axis is divided [I

in hours. TheA
data were obta-
ined from a typi- N.
cal night, re- i

corded without
sound insulation.
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Thus, any acoustic efficacy or double glazing in reducing sleep distur-

bance is disclaimed by our results.

CONCLUSIONS

By comparing psychophysiological disturbances due to traffic noise, with

and without insulation, we have presented a methodology which provides a

detailed evaluation of the efficacy of double glazing. Insulation by

double glazing does not help in:

!M



1. increasing the sleep quality to such a level that performance on
the following day is not negatively influenced;

2. reducing the cardiac and respiratory disturbance during sleep;

3. reducing the transient characteristics of traffic noise which

are most disturbing.

We provided evidences that double glazing does not reduce measurable

sleep disturbances due to traffic noise. Though our results did not give

an evidence on effects of noise on general health, the efficacy of

sound-insulation measures should be evaluated thoroughly and similar to

our methodology.
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SLEEP DISTURBANCES BY ROAD TRAFFIC NOISE AS REC'ORDED IN THIL
HOME.

Eberhardt, J.L.

Institute of Environmental Health, Universit-, of Lund, lnd,
Sweden

The effects of nocturnal e:<ipstre to read tra ffi; n

on sleep have been studied in numerous experioLnts. M(,st

these studies have been performed in labotr -ic2s. F <r a

review see ref. (I) and references therein. A :o., recent

approach has been to use reccor-dinnvs made on suL- >ts s] i,

in their usual environment with exposure to traffic n)iso

(2-6) . However, the effects of road traffic noise on the

normal sleeping pattern, as reported by diffferent q-oups,

vary, especially with respect to effects on REM- and slow

wave sleep. The aim of the present invest imo<tion is to stud;,

in the subjects' own home environments, how the sleepinu:

pattern is influenced by exi osure to road traffic nois( our 11,1

different parts of the niqht.

MATERIAL AND METHODS

Scheme

The experiments were carried out in the, slljects'
homes along quiet streets without ncturnl ni :ht t IaIf 1.

II,,
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T~his procedure was done at a tapesped15t ' ' tie(- s -id t
record ing .

In the morn inq ,within hi f m± i,(-r ai! tel .iwaren iri; the.
subjects completed a qaet1nnlr 'it sleepc -)Ia u'l1 ",l,
mnood measurement questionnairu 7) . In aidd it nte:'.d
clues tionnaire was fill ed ,vat .ir ,iii n,, .it 4 c'k).l.
and in the evening before Letm.In the''nlnwas
short qluest ionnaiire about terwell -Le iu duirIni tne2 'In rd
tiredness at that moment wa ,c:T~iee

RESULT'S AND Dl SC1,SS I(ON

Some nrel iminarv,, resul ts on the f irst 7 subjects are

piesenedin this paper. Sleep stages are scored visuall',.

according to international standards (8). Fo r ezach suLi !ct

and noise c'o:d ition the duration for each sleep stage is

compared to the average of the quiet reference nights. T(,c

significance of the found differecec is tested for thewhl

group with Wilcoxon's signed rank sum test for mnatched pairs

(9). The results are summarized in table 1.

Table 1. Group averages (SEM in brackets ',)r- the
reference nigh1ts Q, deviatioens f r
reference nights for the three n 1 ise >i'tiis

(,Ni-Q) and Wilcoxon's T for 4 m'llc and 3.
adults (25-29 years old).

(Ni-Q) ioxnS'
Stage QlN ) \

TSW 2.7 (1.3) 14 (9) (3, 1 .0(1.2) 0 0 .a
Sw 0.7(0.4) 4(3) 1.4(0.7) 0.3(0.3) 0 0

TSl 20(5) -4(4) 4(4) -1(4) 6 3 12
tS1 4.9(1.3) -0.8(0.8) 1.2(0.6) 0.3(1.2) 7 2 12.5

TS2 218(11) 5(12) 16(4) -3(10) 9 0 14
S2 55(2) 5(2) 4.1(0.5) 3(3) 1 0 S

TS3+4 55(9) 1(5) -6(4) -8)7) 11 3
i53+4 14 (2) 1 .5( 1.7) -1 .3(1.2) -1.2 ( 1.8) 6 4

TSR 100 (10) -25 (8 ) -14 (4 ) -1 3 (4 0 0
' S R 24.8(1.9) -4.9(1.2) -3 .4(0 .8) -( 3) 0 0 8

1, 3 17 ( 3) 2 (4 ) -6)(2) -0 .2)1.7) 8 1

LR 79(8) 5 (16, 9(16) -9 7) c) 7

T ST 399 (16) -31 (16) --2 10 -2 - I



t i 1 *dII j , S : 'j i n

I t r f~

obse r :AblIe tr Uri-s

I t I s t'-)o- e2aryf an <

f ind 1njs . Fu tt.ne r a n aIy s is u: th. r' -,_i'

include the barycentre and otner J1 i-':iO'

order to study the time devlopen I'e n :~

sleep stage. The ef fects of the di.f ferent n is<,.. s

on the ECG, body movements , subjectively rated set

and mood will be reported in a future paper.

RE FERENC ES

1. Griefahn , B. , 1980. Research on noise-disturbed sleep
since 1973. ASHA rep(Dr.t 10, 377.

2. Jurri~ns, A.A. , 1981. Noise and sleep in the home : e!ffe-ts
on sleep stages. Sleep 1980. 5th Eur. Con jr.
Sleep Res. , Amsterdam, 217 (Kargjer, Basel).

3. Vallet, M., 1979. La perturbation do sommeil par le bruit
(5valuation des effets psychologliques et
physiologjiques par one exp6rience in situ.
Thesis, University of Lyon.

4. Eberhardt, J.L. The disturbance by road traffic noise, of
the sleep of young and elderly males as
recorded in the home. Submitted for publicati,-n
in the J. of Sound and Vibr.



("a,!. Gancux, J-M. P -Ic !, t , V., I r P t
La bialIe, G. ,~ 19 '.' n I 'sg i

dole to trafia n-se JH S. '- , I . :

lie~ publ 1 shi

0i 1~ ilK I~ i ,- S. 'I t , I so I I.
111 tlle P. 9 . Si(" 1 11

Sle;. 2, ni r, Pi

S<LP, ;, u , Av' i,;.. ' A.

t '11 I .2 ! l , III

ot !n I / 1 1 S it I

N,~ )W .11: 1:.,.'

This c hk a BII f ict Ly ' ;intt 2 frowr tt(< IPesearc':.
Founda tion of t he Ss Jj I tI''I Ijn"'! it Pi t e-'t I on iard.

FThe ass istance (_f F d Ak sson arid I N t r-1i d i n th exe'.tlIt I1L-,:

Of the exj)(cIimentS7 IS 11 at:liUlnW~ ed.



-PRE VIOUS PAGE

EFFECTS OF PEAKS OF TRAFFIC NOISE DURING SLEELP ON FCG AND EEG,

Wilkinson, R.T. and Allison, S.

Psychophysiology section, Applied Psychology Unit, Medical Research
Council, Cambridge, England.

INTRODUCTION

At the Third International Congress on Noise as a public Health

Problem a project was described in which records of physiology during

sleep, performance during the day, and subjective report of sleep

quality were taken from people in homes bordering busy suburban

arterial roads (Wilkinson et al., 1980). The effects of this traffic

noise on the quality of sleep were investigated by introducing double

glazing in the bedroom windows for one week and comparing records with

those obtained under normal high noise conditions during weeks before

and after the experimental period. The main purpose of the previous

paper was to report the effects of the sound attenuation on

performance the next day. A subsequent publication (Wilkinson and

Campbell, in press) has reported the effects of the double glazing on

sleeping physiology taken over the whole night. The present paper will

concentrate also on the physiological data, but will present an

interim report on analyses now in progress to examine the effects of

individual peaks of traffic noise upon sleep as reflected in the

physiological records of EEG, EOG, and ECC during sleep.
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A more detailed description of the general methodj employed in this researcr

may be found in two previous reports (Wilkinson, 198' ; Wilkinson and

Campbell, in press).

MATERIAL AND METHOD

Analysis of peak effects on ECG

The ECG was recorded during the night time sleep of 11 subjects under
conditions of normal traffic noise (Noise) and also under the same
conditions but with double glazing in the bedroom window (Quiet) which
produced a 5.8 dB(A) attenuation of the noise. At the same time a
continuous record of the noise level was taken on a parallel channel of the
same tape recorder. The analysis is concerned with the effect of traffic
noise peaks of various levels upon the Heart Rate (HR).

The data-bearing tape was replayed offline with the noise level channel
connected to the A/D interface of an Eclipse S200 computer. The noise level

was sampled at each heart beat. The ECG was derived from a parallel track
of the tape recorder and fed to the digital input of the computer through a
detector circuit which converted each QRS complex into a TTL-compatible
square wave. As each heart beat pulse arrived the computer sampled the
noise level. This record was subsequently scanned for the presence of peaks
corresponding to the passage of vehicles. Peaks were detected within 10
ranges 3dB(A) wide from a low level usually of 36 dB(A). A peak was
rejected if a comparable peak (within 3 dB(A)) or higher peak occurred
within a period 32 sec before it or 12 sec after it. This excluded any
nearby individual peaks and also any maller peaks on the slopes of the
larger peaks, thus ensuring that only isolated peaks with sharp rise and
fall times were accepted. Each time a peak was found the computer stored

the values of the 8 inter-heartbeat intervals before and the 8 after the
peak. These values were then stored in one of 10 16-item bins according to
the dB(A) range into which the peak fell. The contents of the 16-item bins
were then averaged within each of the ranges to give an overall profile of
the pattern of heart rate intervals before and after peaks in each range.

The heartbeat interval records were then converted into heart rate in terms
of beats per minute.

For the purposes of this interim report, and in an attempt to provide an
uncomplicated indication of the influence of peak noise level on heart
rate, the physiological response to the higher half of the noise peaks is
compared with that to the lower half. To achieve this the 3 dB(A) ranges
were divided for each subject into upper and lower 50 percentile peak
levels in such a way as to give approximately equal numbers of traffic
noise peaks in each half. Averages for each half were then obtained by
averaging the 16-item bins of the ranges concerned. It should be noted

that, as there were fewer peaks contributing to the ranges at the extremes
of the distribution of noise peaks level, this procedure tended to
emphasise the contribution of the peaks at these extremes.

Analysis of peak effects on EEG and EOG

The EEG and EGG records were passed through hardware analysers (see



Campbell and Wilkinson, 1981, for details) which provided TTL-compatible
outputs whenever Alpha, Spindle, Delta, or Rapid Eye Movement patterns were
present above arbitrary thresholds. These outputs were sampled at
approximately 1-sec intervals through the night from the prerecorded
analogue tape. At the same times and from from a parallel channel of the
tape samples of noise level were fed to the A/D input of the computer. As
with the EOG analysis the computer scanned the noise record for peaks
within 10 ranges, each 3 dB(A) wide. Having detected a peak the computer
stored counts of Alpha, Spindle, Delta, or Rapid Eye Movement (REM) for 7
'1-sec' samples before the peak, for the peak itself, and for 8 samples
after. These samples were then averaged over all peaks in the range
concerned, and then averaged, within each range, over all subjects
separately for Noise and Quiet nights. Finally, again for the purpose of
this interim report, these averages were collapsed into two ranges of noise
level above and below what was roughly the halfway point in the
distribution of noise peak levels, 54 dB(A).

RESULTS

Electrocardiogram

ECG response rates before and after the peak are shown in Figure 1 averaged

over all subjects. The average curve for Noise and Quiet nights combined is

given, and also that for Noise and Quiet nights separately. Three main

trends may be noted. First, collapsing over Noise and Quiet nights (the

full line in Figure 1) there was more variability in heart rate both before

and after the peak for the higher than for the lower half of the noise

peaks (P< .05). This was true whether or not double glazing had been

installed. Second, there was an increase in heart rate over the first three

heart beats after the peak as compared with heart rate over the three beats

before the peak (P< .01). Third, heart rate variability after the peak was

greater than that before when the data were collapsed over Noise and Quiet

nights and High and Low peaks (full line, bottom set of traces). Fourth,

heart rate was higher during Quiet than during Noise nights (compare dotted

with dashed lines). Neither of the two last-named results quite reached

significance. In commentary, the most important result here is that noise

peaks, and particularly high ones as compared with low ones, appear to

increase heart rate varability.
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QUIET NIGHTS
--- NOISY NIGHTS
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LOW NOISE PEAKS
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Fig. 1 Effects of noise peaks on hert nte.[960



Electroencephalogram and electrooculogram

The results of the analysis of EEG and EOG records are shown in Figure 2.

Rapid eye movements (REM) appeared to be depressed by peaks and rose

substantially after them, irrespective of peak level or whether the night

was a Noise or Quiet one. Delta frequencies showed no overall changes in

level after the peak as compared with before. Instead peaks at all levels,

and for both Noise and Quiet nights, were associated with a transient

increase in delta at and around the peak point. This may reflect the

occurrence of K complexes (brief bursts of Delta-like responses evoked by

exogenous or endogenous sensory stimuli). The same phenomena appeared to a

lesser extent in Alpha frequencies. Spindles were little affected by noise

peaks.
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DISCUSSION

In general, the present analysis suggests considerable adaptation among

these residents to the individual peaks of traffic noise. Although there

were some effects to be observed on heart rate and its variability, the

extent of these changes was within the range of 2 beats per minute when

averaged over all subjects. It seems unlikely that changes in heart rate as

small as this could pose any threat to health.

With regard to the EEG and EOG records, a previous analysis of these data

which considered the total activity in alpha, spindle, or delta frequencies

over the whole night, suggested that the amount of delta activity was

reduced on Noise as compared with Quiet nights (Wilkinson, 1981; Wilkinson

and Campbell, in press). This provides some basis for expecting that

individual peaks of noise should be found to reduce the level of any delta

activity they may impinge upon, and this more so with increased level of

the noise peak. No such effect has emerged from the present peak analysis.

The only change in delta has been an increase at the point of the peak,

suggesting the presence of a K complex in the EEG provoked by the climax of

the sound. Thus, in terms of the frequency of delta waves (the most likely

index of quality of sleep in the EEG) , the subjects appear to have adapted

to individual peaks of traffic noise to a considerable extent. That they

still show an overall depression of delta over the night during the

normally noisy nights as compared with the quiet ones may be due to the

almost continuous succession of peaks in the noisy condition preventing

them from reaching as deep a stage of sleep as was possible with double

glazing. Rapid Eye Movements during sleep did, however, show a uniform

increase in the four independent sets of data shown in Figure 2. Wh1ile this

is one of the clearer indications of an impact of individual peaks of noi!e



on sleep in the present data, it is difficult to interpret, for as yet it

is unclear whether an increase in REM represents an improvement or

deterioration in quality of sleep. If noise peaks are thought to disrupt

sleep, then the rise in REM which has followed them in the present data may

constitute evidence that REM represents a more disturbed state of sleep.

Finally it should be noted that the present sample of people was probably a

relatively insensitive one as regards the vulnerability of their sleep to

noise. It was decided at the outset of the project that no people should be

included whose health was at all suspect, or who took sleeping pills. Thus

the very people whose sleep might be most at risk through noise, the ill

and the naturally poor sleepers, were excluded. It is hoped that further

work along the lines of the present study may be able to make a special

examination of groups of the population like these, who may be more exposed

than most to the danger which excessive traffic noise presents to the

health of the community through its impact on sleep.
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HEART RATE REACTIVITY TO AIRCRAFT NOISE rtrT17P A 1os011tlk FX> 11

Vallet, N1. - Gaqneux, J.11. - Clairet, J.tt. - 1-aurens, i.F.
and Letisserand, 7P.

Institut de Recherche des Transports, (TEPEE, 69672 Pron 'edex, Era.ir>-

INTROMY-TInN

A major question about the effects of noise is the proh)i-em of the lonq

term exposure. in order to evaluate this long term noise, roearclers;En(-

rally carry out lonqitudinal studies on no ise- exposedl people, who are stay-

ing on this noisy place. We should not forqet to take into account p:e<ejAe

who are moving in another place, for environmental or other reasons.

In 1975-76, our team has performed a study about the effects of air-

craft noise on the -sleep quality, on 40 men, living near Paris Prissy

Airport (1). At this time all suhjects lived there for a minimum ,f one

year and, they wore therefore already exposed to noise for quite c) long t ime.

In 1982 we have recorded again the sleep of 14 Out of these, 4f) sot )(ct

of the in it ial sample. Fro m l)7(, toI 12, 22 sulhject s have moved, out an,1

the 4 rena ijn ing oj; c ro ficsot to, rart i ipate again.

The aim of this lo)ng itludinal reerhis to) test the existenTce( of a

physiolog'ical1 hat)ituat inr and' if anly, to evaluate its ampi ituleo try compai-

ring, within the same s;ulrjects, the teart raite epos to aircraft noice,,

he)twreen V)75 in-1 ItS?2.



Mrrilt iv

The same recurdl ug met! oduo I wau sd i1-t xi. Iq< 1:,.t

survey is made to check any maior heA i) or iI I.

to have oc cured s ince the f ir st 19 7 5-7,, 1-1 se a swef I r

professional life.

Each subject was re,~ -ded at homse dltrin-4 fur ';orivut Iv;*

They were habituated to- wearing elect cdes fcr !i.r, ( r~iqi.!t .-f> o

before. Every night , one hour be(fore h edt ime , a tee-,iri i,2 1Ii

electrodes (derivations EEG; f- z C - F Ol2FG

and turned on the equipmnent . Upon t he subject 's a awaken r. t t I.i

removed the electrodles, turned off the equipment an.)iv

brief questionnaire about sleep quality.

PhYsioloqical polygraph records were, usually reduce,!, I(, 1!1-

RECtITSCIIAFFEN and tALES methods (2) With epochU1S If -iut

The ambient noise was recorded in dIB('\) the whole nig! t, wit!. 2 z-pl

per second. The analysis of the acoustic signal is mdet in tie ( waiy

as for the first phase (1). The analysis of the tteart P ate 01F) saa

is facilitated by passage in a cardiotachuxreter.

R ST I .T S

In a f ir st step, we compare acous tic charact or iot jos of n 14' ti

dur ing the I1st and 2 nd phase s. Tabl Ie I slinwo t 1e number o f f I itt e

night and t he ir d istr ibut ion. I n I R2 , halIf n iqht ; were cu n 1 w i't

5 fl1ights or less, therefore t he cond it ions were api i c ial Iy i nI.A

with respect to 1976.
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Number of flights 0 -s 6-10 11-15 16-20 21-31 u
per night

S1 7 5 12 41 26 12

198 2 51.5 37.5 5 3 3 r

Table I - Number of flI tqht s por n i'3h (bit; I e jj; I

The diistribution of noise peak leve-ls; is shon ;

on ly a f ew var ia t ion s he twee n 19)7 5 a nd I') H2. Tn T, I

are somewhat hiq4her than in 1975; tT.is ri salts fr ):- ti.att

subjects from the final sample live a l ittle closer t-the runway, Os

an average, than the 1975 in~tial sample.

Table 2 -Peak noise levels listrib-ution;

Noise distribution was controlled in function of sleep leftli; tsc

,and we determined the very same noises in I) 7
6 an.ii 1')83 ;;c -',0 1cI)

thus demonstrating that sl ight evolut inrs in totcil siep; t l, iso .; tlIcd

do not have any influence.

Sleep stages where PEN sleep Staqes 3±4 f"1-t~ 1" 's'e~j Nl' of

noises occur 'jo 15Ls

) f noises 175 11670 15

1982 17 18 IiI

Table 3 - Percent age of noi en, per sleep sac.

The analysis concerns; HIR variations, from an I' i,1( ;t ij 1 111 ft:,

the ;r iph >, ai 4al aftePr - irdiotachometer roa~d n, .'0fi-4vo i ,t

ous*w, measrer the IF-vailue, and we con ; Icr !1 to;ii nli ir,

peri-l f n '; n' ,n, plan I :o-c ds 1the ,:I : c 7



take 0 4 prccessco.

- react ion ()4 no) Ii accrual. Ic reaction;

- regular i at ion :arhytho Liaderascad4hh-vautelrIsa

- ON-OFF react; ion :a pin's( i -1 react 1 , (car. 1 proe kcd iv- -t TVI 4-

emergence, the-n when, thec nrcis s tc 0p5;

- positive reaction :the IF-value varies accordir.g tt a :rcer l

similar pattern at acoustic:al sign ature, with. real aclrtirie

discrete decele.raition.

The whale is visually c-dei !y a trained~ olse-rver.

Thre tre a tment o nsist-rt mak in ac iecireafter -omlpari son(lrlm

1982) of the ave-rac itt hear' reactivi'v-, 0 aae un-iat ingu ished!,

all sulb-ects undis' r guishi'd, andi -"rn 1n 1(tail Iing. The. HF reactlv~tv-.

is cdetermined, as .r. prior w -rko 'T t 75asi n74micr of heCarti eats'

mninute accordino; thet rc-isc rarane era values.i

- volution orf r-c react 4r 'ItyLes T, 024 , 7cr r 4 --I C. e -p-rFcre

t im e

We onl-,y considepr I types of rca'f -- 0 r, c rl- -n~c e

of phasic reac.tio)ns hei Qtl't rec4_05a. e'l74 a

scarcely occur .Compari ng te diat r il 1 ( f ths tps cf reactis

shws-19l-1 Very slight va-riati;rs in the nr fte T!. 192

the percen(,tage, of rerislis slig ct> i-, tU t ar i ' rt

quence of positive reactio'-s remanas. ,fall( wi! 'tr47wn

a light def-crease in rea'"i-5 at -- t c''ek 'eve"Fi 1,111- e r,-

gluence of phasi- reaction a ' r--'i IS" in c

increase in reartis cone ri ,, tree', f-rl va a' i n- wl-Icl ate

not statistically signif~r--5 "t Tn itp, it is quite roi)Tple' 4

a threshold in mc iso raf 11: it can Ir. noticed in in

react i ma- ahonve C, ~if

9it"
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I ~ - Compar i sn of FP02 ef fect typ es; li sri i i . I rln.t~ I.
phAs(- lfe Xperin imct s

-V 'ju<t ion of reaict inn ampi tu ic ac-7ri n ~ k* v w it h

exposure t ise

WE, calculate the avera e va lue 4 t e c ,x usa ani I toe f T, reac-

ions for each, noise, thien we l dt e n ' v i < ,n o)f this ampl i tole

accenclinvq to) the peak level of noises ,t ~.:)frec f he-, !lt inves-

t iqation phases.

r za t ior,)

-41 44' is; So S5 rC Y9~ 41 5 is 11 Vt4 -if44 i s S356 59 ca 61 is ?,I 7-'v
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noise between the 2 experimsent phases.



W,' 1-serv that, with s ,-' 0 t, ,, t cak ;wl, tv t -

reactivity valo,. are '", ir; iwer in, 18 2. -"1 i . 'e . ,.-

amplitude is lower than 5 heartheats/minute an'!, p the. w1O. i : .,i

statistically siqnifi ant. The I-; erved variat in ri ; f:, Pr i " 7 l

sub-group of sulj ect l, who showed a stron 1 reat V'ity . 7.,

got habituated. T!e tcI react ivity b.comes, in .,

more distinct from C2 d(A) in leak vau,.

Dtw:,S§IJxNs ANP CO(NCt, ICN

Our results confirm those obtained in lab, ratory !Irw.; :. rt-'

experiments performed by MUZET (4) , showing no decreas( C 1 ',.

amplitude after a two-week noise exposure.

Our results aln confirm those of ueirnpean wint research Irk F'

(6) (7) which investigated heart freguence react ivity t- ic late.
. r,

after several years of exposure of subjects to traffic ncisc : thc(

periments demonstrated that IHR is positively correlatel with i:c , t

basic time of I minute.

This lack of habituation of the phasic card iovascular repc rst

isolatedI noises during sleep may possibly be related to experimental '

from JACOBS and his collaborators (8) who showed that cells in the-,(er -

tonergic Raphe Dorsalis Nucleus (RD) fail to habituate in response t(

auditory or visual stimuli. The excitatory responses to the st inuat ens

persist during sleep and are independent of b ehavio)ral arousal whl- !"11 i-

tuates together with the responses of cells in the classical tet i 'ar

format ion.

Our res]lts can be compared with t lse of PATTl (' roar ns ci 1-

craft noise exposure during daytime. The aut l, l one) 'cs t v, ;, ' ,c ,

noise responsiveness was not corre~atcd will. ni , Xj:'l 1,',' I 1

snbieetive complaint behaviour, b-ut wa's -I r reat d wit , co,. Vt ,. ,- -

-- pii . . . i i . _x _ ~ ] [ k L - -
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BENZODIAZEPINE EFFECTS ON AROUSAL THRESHOLD DURING SLEEP

Johnson, L. C. and Spinweber, C. L.

Naval Health Research Center, P.O. Box 85122, San Diego,

California 92138-9174, U.S.A.

INTRODUCTION

Though objective EEG arousal data have indicated no sig-

nificant difference between good and poor sleepers in auditory

arousal threshold from sleep (Johnson, Church, Seales, and

Rossiter 1979), poor sleepers invariably report that they are

"light sleepers" and are easily awakened by noises. These

poor sleepers also report difficulty in returning to sleep

once awakened. Benzodiazepine sedative-hypnotics, when given

to insomniacs, decrease sleep latency, awake time after sleep

onset, number of body movements, and the number of nocturnal

awakenings, as well as producinq subjective reports of havine

slept more "deeply" and "restfully". These subjective reports

of "deeper" sleep occur even though EEC recordinqs indircte a

benzodiazepine-related decrease in deep sleep, stace 4.

Are there objective data to suppOrt this sulbect I yee-

port of "deeper" sleep? If there is an increase in arnusa]

threshold, is it related to time nost (1ruo innesticn or to



stage of sleep? Is there a difference in effects on arousal

threshold over the night between a hypnotic with a long autrng

metabolite, half-life of 24-100 hours, and a short acting Pcn-

zodiazepine having a half-life of 2-3 hours? This paper will

review work from our laboratory relevant to these questions.

METHOD
STUDY 1. FLURAZEPAM:

In our initial study we investigated the effects of flur-

azepam, 30 mg, on the auditory arousal threshold of 12 male

poor sleepers (sleep onset insomniacs, mean age 21.3 ± 1.0

years) selected on the basis of subjective complaints of poor

sleep and EEG criteria of sleep latencies greater than 30

minutes on two consecutive screening nights (Johnson, et al

1979). After the 2 screening nights, all 12 poor sleepers

received placebo for 7 baseline nights (study nights 1-7).

Then 6 subjects received flurazepam 30 mq for 10 additional

nights (study nights 8-17), and 6 continued to receive a pla-

cebo for the 10 nights. Except for the first two treatment

nights, subjects slept in the laboratory on each stuy n~iqht.

Lights out was at 1000 h and wake up was at 0530 h. Medbca-

tion was given 15 minutes before liqhts out. FEG s-, act iv-

ity was recorded according to standard criteria (Rechtsrhaf-

fen & Kales 1968). Only the arousal data are to 1, discussed

in this paper.

An ascending series of stimulus tonos was ern]l,,0I t, el

tain arousal thresholds. The stimuli were 1,000 1Iz, 2 sc(.

tones delivered at 30 sec. intervals, throuuh a s! eaker I I iced(

46 cm above the subject's head. 1hfore he was instructk,d tr)



"go to sleep", awake auditory thresholds were determined on

each arousal night. The awake auditory threshold varied be-

tween 35-38 dB (SPL re 0.0002 dynes/cm-) for all subjects.

The background noise level varied from 32-34dB. During sleep,

tones began at 35dB and were increased in approximately 5dB

steps until the subject pressed a signal button three times

and said, "I'm awake". Arousal thresholds were obtained dur-

in.: (1) first stage 2, (2) first stage 4, (3) second REM

pericd, (4) stage 2 following second REM, and (5) at 0530 h,

the time of the morning arousal. Each sleep stage had to be

firmly established for a j.riod of at least 3-5 minutes for

a stimulus to be given. At least 30 minutes of uninterrupted

sleep preceded each arousal except for arousal ' where tones

started 3-5 minutes following sleep onset (stage 2). Arousal

tones were not given within 5 minutes of a body movement even

when the movement did not change the sleep stage. The above

schedule was followed on baseline study nights I and 5 and on

nights 11 and 15 (treatment nights). Arousal threshold data

were also collected on the first of the 3 follow-up niqht,

study night 18. After being aroused from sleep, the subject

was told (via an intercom) to go back to sleep. The sleep

latency was the time interval between this verbal command and

the first sleep spindle, K-complex (stage 2), or REM epoch.

PEStJLTS

The flurazepam and pla(-co (iroups did not diffeici i-

cantly in arousal threshold on lily ()F the compal i so c ,lul i ,.

placebo niqhts. The averaqce ,rc,us,l threshold for the cu-

lects who 1,ater received flurazopam was 7b( + u( LP, ar'd !,I-



those who continued to receive placebo cspsul es, 75 t 1

Since there were no between-night effects for btseline stud:

nights 1 and 5 and for treatment study niahts 11 ind 15, th,

data were combined (i.e., mean of I + 5 aind i11 + 15) to -

ine placebo-flurazepam group differences. The aveIqe I

threshold over the night for the flurazepam urourn (81 + 22,i!l)

was higher than for the placebo group (71 t 17dB) ilut not 5 2-

nificantly, t(l0) = 1.14.

Examination of our data from sleep stage arousals within

the night indicated a time course effect. There was ra c-iduui

rise in arousal threshold during the first 2 hours post-adnirn-

istration and then a decrease for the remainder of the niaht

(Fig. 1). To examine this time course, a stage-by-stace conm-

parison was done. Although the arousal threshold was hiq her

for the stage 4, REM, and second stage 2 arousals, the t-tuent

indicated that only the mean stage 4 arousal threshold (x = 99

± 25dB) for the flurazepam group was significantly hiqher than

for the placebo group's mean arousal threshold (x = 73 + 13,11),

t(10) = 2.30, p < 0.025 (one tailed). The mean time since

pill administration to the stage 4 arousal was 10] + 45 min-

utes. The increase in arousal threshold for the flurazepam

subjects was present on study night 11 and did not further in-

crease (or decrease) on subsequent druq nights.

No significant differences between the flur,)zepam andt

placebo qroups were observed during the follow-up niqhts. ()

follow-up, the flurazepam group arousal thresholds and sleep

latencies returned to approximate baseline levels.

]c
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AROUSAL PERIOD

Fig. 1 - Flurazepam and placebo group mean (± SD) auditory
arousal thresholds by arousal periods (placed in chronological
order).

Study 2. TRIAZOLAM :

Triazolam is a short acting benzodiazepine hypnotic with

a reported 2-3 hour half-life. In this study 20 male poor

sleepers (mean age 21 ± 2.37 years), were recorded during one

screening night, and three consecutive placebo-baseline

nights. Following the placebo-baseline nights, 10 subjects

continued to receive the placebo for 6 nights and 10 received

triazolam, 0.5 m, for 6 nights in a double blind paradlinm.

After the 6 treatment nights, all subjects received a place o

for 2 withdrawal nights. The selection criteria for poor

sleepers and nighttime recording procedures were the sa Ise

in study I, (see Spinweber & Johnson 1982).



While the arousal procedure was similar to that in study

1, there were some differences. The threshold for arousal

from sleep was obtained on 3 recording nights: night 3 (pla-

cebo-baseline) , night 6 (second treatment night) , and niqht 8

(fourth treatment night) . Tones were 2 sec. long and ocrurrecl

at 16 sec. intervals. Arousals were scheduled to reveal the

time course of action of triazolam and were performed six

times:. (1) during the first stage 2 sleep, 5 minutes after

the sleep onset; (2) during the first SWS (Stage 3 or staiio 4)

at least 20 minutes after the return to sleep fol lowi nc the-

first arousal; (3) in stage 2, 150-210 minutes after linhts

out (0030-0130 h) ; (4) in stage 2, 270-330 minutes after

lights out (0230-0330 h); (5) in stace 2, 3170-130 miinut-cs

after lights out (0410-0510 h) ; (6) the- mornini arousal, cit

0530 h.

The criteria which had to be met to in iti ate arousal )ro-

cedures were similar to those of study i . The dO. love Ifo

the h ihe ut tone presented and the late ncv (in nts)fr

the time of aw-akeni no to the, retu urn) to s revC wereC 1-eor3'!

Arousail threshold was sioini ficantic M'111(r du! irT t I.

monIt for triazol am subjects at the time o f tI he ] t I I

2.44, p 0.0251, second It (1G) p<50,j 0.000-1 1

It(17) -2.93, p 0.11051 arousAlo, W(ij. 2). '. 1ot

ec(ts ru(t t he Cr iteria for a1 1 la1; thus; alt 1:ej 'l t !1

(legroes of fedmrep( rt ed d

W'ith In-oroup a Il\-e-; Ieveal t hat t I I O ill 1i'1!1

c .1Ir )ir t 1 >-' I '1; i



3.40, p < 0.0051 ; it was also found that placebo ciroup sub-

jects became more sensitive to the tone with repeated exp[eri-

ence and had significantly reduced arousal threshold levels

during the treatment for the first, seconO, and third arousals.

o TRIAZOLAM (n3)
110 o.... o PLACEBO (n3)

X 0 x TRIAZOLAM (n6&8)

100 x x .... x PLACEBO (n6&8)

S90

0
S70 "N\

X60.

40 1 2 3 4 5 6
AROUSALS

Fig. 2 - Mean arousal thresholds for the placebo-basei ino
night (n3) and for the mean of 2 treatment niqhts (n(, & 8).

In Fig. 3 are the arousal threshold curves for f 1 r 17

and for triazolam. The curve for the combinod lachb irout s

is also drawn for comparaitive ,urpos(,.;. The, diffron(-s -

tween the two hypnotic curves were not stat isuti elv si nif -

cant for any arousal. The similarity of th t c v ( 4 -&

most striking.

Latency of Return to Sloop.

Btoth hypnotics reduced the latenc" to return to s] e

after arousal when compared to ptace o (I'iq. 4). The fln , o in

+. . ... ... . .. _== = + + ... _



MEAN dB AROUSAL TONE LEVELS
FOURTH TREATMENT NIGHT

120
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110 . T •TAZOLA M

100

-J90
WA

so

4o

40

30
STAGE 2 SvWS STAGE 2 AM

AROUSALS

Fig. 3 - Comparison of arousal threshold for flurazcpam and
triazolam. Solid line is threshold for combined placebo
groups.

group had a significantly shorter mean sleep latency following

the first arousal period during treatment nights. During sub-

sequent arousals, the sleep latencies for both flurazepam and

placebo groups were short and did not differ significantly

from each other. For tria7olam subjects, latency of return

to sleep following arousal during treatment was significantly

reduced for the first, second, and third arousals.

CONCLUSIONS

These data show that these two benzodiazepines do in-

crease arousal threshold. Bonnet, Webb & Barnard (1979) have

reported a similar increase in arousal threshold after in-

gestion of flurazepam, 30 mg. Of particular interest is the

-L_-



RETURN TO SLEEP
FOLLOWING AROUSALS

95
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. TIIAZOLAM
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75

65

z

45

35

25-
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Fig. 4 - Latency of return to sleep (staqe 2) followin,
arousals.

similar time of night effect we found for flurazepam with its

long acting metabolite N-desalkvlflurazei)am anO fer the chart

acting triazolam. A similar time of night effect was found

for flurazepam and also for pentobarbital by Bonnet ot al

(1979). in our two studies as well as that of Bonnet et al,

arousal threshold increased durinq the first two hours after

administration, then decreased for the remainder of the !i1ht.

The 0530 h arousal was very similar to that found 3-5 minutos

after initial sleep onset and at these times the threshal Is

for placebo and drug groups were similar.

This time of niqht effect appeai-s to he rclat(d to tice

post-administration and not due to stauce of sleep. 1'hile 1oalI



hiqhest arousal 1 10 1s were found dut 1 ,;, , t,

(1979) awakened their subecets onrl frr ,n stac S. ,,,

thev also found the hihust a ass ] tirlsold near tin, "f,:

hour of slep (see Fic. 5).

-- ----- FLURAZEPAM

s- --------- PENTOBARSITAL
/ \ PLACEBO

70 .CAFFEINE

a i ....... :.
060 '\

CK50-
x

-.l

0
~30

20

6 i60 200 360 460

TIME

Fig . 5 -Time course of f luraZen am, pentobarbita, p lacebo and!
caffeine as measured from auditory arousal threshold from
stage 2 sleep. Adapted from Bonnet et :il, 1979.

It is well established that with consecut ive ninhits of

use, there is a build up in plasma lev-els; ofN-eaklln-

epam, but no build up of triazolam in plasma is seen. Th is

contrast ing pattern of accumulat ion in plasma was rcent 1>

demonstrated over 37 nights of administitj(j ionf triazo,.lam inS!

flurazepam (Johnson, Spinweber, Seidel & Dement, inlres

Mlittler , Sc ide] , Van den Hoed, Greenbl at t & P-(ert ,i ntes

It is qeneral by assumed that with aii i on vii N-ili I-

f lurazr-pam levels there- is more selativ weof fect a



ecent studits have indicated the absence of a clear relation-

ship tetween N-desa ky 1 tlurazep~am ptiasta e cr is arl( Iat irr,

rfermanr (Johnson & Chernik, 1982; Mendelson, 'eina artner

oreenblatt, (;arnctt & 3illin, 1982). Johnson et al (in tress)

also found that triaz lam and flurazepam produced a similar

tattu Ti of EE, chanq, s during 37 treatment nights and five

withdrawal nights. Both hypnotics showed an increase in sleet>

snindles and a decrease in delta activity.

What are the implications for those who complain of poor

sleep because of noise? Most benzodiazepines will increase

arousal threshold especially during the first hours of sleep

and during this time period benzodiazepines are effective in

assisting the return to sleep after beinq awakened. Our data

suggest that these hypnotics would be less useful in maintain-

inq sleep in noisy environments during the early morning

hours. But once the sleep process is well established, it be-

comes more resistent to internal and external disruption of

its nightly patterns. However, the results of the review by

Johnson & Chernik (1982) indicate that it is unlikelv that tho"

hypnotically induced "deeper" sleep will lead to improved day-

time performance.
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to N i anti No in the ;ilacetic' I!rmis I see Ilcd' le I . lii t he t :ir' a
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with FU:Ed activat ion in N 3 and Ni ,wheri cur;'arel to the ';lc' v-i:' .. v.

However, the di ffer'ctces were ntictS nii ct

A sim'iltar observat ion was sade whieni .o.. ti dr inci the ert'iti'cc I
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Concerning the association hetween ai rplae no1 ses ;1 1, . -

e' "+ !,-) " ', " there was no signif icant di fIererce : et.er. the

three nights in any of the 3 experimental oroups (see T;iLle I

Electrophy- Experimental Fxperimental CHI' i in i l'icont
siological group nights d.d.l. 2 level

response NO N3 NI

A 38% 43% '1% 19.25 p~i .< 1

EEG activation B 40% 31% 35% 2.88 n.H.
phase C 37% 28% 33% 3.48 n.S.

A 39% 57% 44% 12,.36 p<(I. I

Muscle tone B 42% 33% 32% 4.97 n.;.

increase C 42% 30% 38% 5.43 n.S.

A 43% 42% 50% 2.87 n.S.

Respiratory B 43% 32% 33% 5.87 n.S.
rate change C 46% 30% 35% 10.46 p< O.ol

A 3 3% 30% 30% 0.;28 n. S.

Body movement B 24% 25% 20% 1.57 n.H.

C 22% 19% 16% 2.11 n..

Table 1 - Percentages of airplane noises associated with electro-
physiological responses.



Cardiovascular responses to airplane noises

Cardiovascular responses were separated into heart rate response (IINP,

and finger pulse response (FPR), and averaged for each a;ubject, over

the entire night. The mean amplitude of' HRR and F1? for each experimen-

tal group and for each experimental night are given in ligure -.

21 beats /rm 0 ,o

Lu
z 20
0
UQ 19

a 18

L- 17

a16

o 1- UT
:Group A 'Group B Group C:

z 60 %

l NNN

EXPERIMENTAL NIGHTS

Fig.2 - Amplitudes of the average heart rate and finger pulse res-
ponses to airplane noises in the three disturbed nights and
withing the three experimental groups

Independent Student's t tests made for HRC and YiPR ohowed no ,,ignil'i-

cant difference hetween the three groups for the 'p lacebo" ni -,ht (N1 i

In group A and B there was no sign ificant difference for I}IR am Ii tudo

hetween the 3 experimental nights. In gzroup (', dependenlt S tudenlt I;

tests showed a signi ficant di fferenre of" HCRC amli tude b~etween Ni :iiid

Nt (t : '.%A7 ;d.d.l. - I, p<O(li,) and between lit and, N' (t

- 1.3-tI'; d.d.l. V p((..l I.

2 ,i



Dependent Student's t tests showed no I .n ant dc i lerence r the

FPH when comparing the three nights in group A and I'. I jcruj ., , the

only significant difference in HIP ORplitude wat, found het-een P, acnd

N3 (t -- 2.910 ; d.d.l. 6 p< (,.01,1.

[ I SCUISS I ON

Our results pertaining to the "placebo" groiut conl rr eairlier

observations (Globus et al., 19'/1 ; Johnson et al., 14-1 ; ';rietoahn,

19371
)  

; Townsend et al., 1976 ; Muzet et al., I'1J8 ), which showed tho;t

there is no habituation of noise-related electrophy aologic:il rlnd

cardiovascular modifications, over a period lastin several nights. In

our "placebo" group, the percentage of" noise induced FFP activation

phases and muscle tone increases was intact, siigni ficantly hiher

during the second and third noise disturbed nights when they were

compared to the first one.

The ingestion of triazolam decreased the number of noise-provoked

sleep stage changes and PEG confirmed awakenings when cor',paring "drug"

to "non drug" nights, and the differences were highly sig ni ficant f'or

the 0.50 mg dose. This effect of triazolam on FEG sleep stage modiPikca-

tions can be related to results obtained by Ehrenstein et al. ( 11'11

on EEG responses and by Bonnet et al, (1913), and Johnson et, al. (thi ;

volume), who reported an increase in auditory arousal threshold a'ter

ingestion of benzodiazepine hypnotics,

In addition, other noise-associated electrophysiological chanpes; were

less frequent during "drug" nights than during "placebo" nights,

although the difference was only statistically significant for the

noise-provoked respiratory rate changes.

Results concerning cardiovascular responses to airplane noises were

slightly different. The heart rate response was signi ficantly reduced,

only during N1 in the group receiving, h.',O m, of triazolam. This

reduction was not present. during, N',, rnid for this night the HIM was

actually greater than in N' . The I, riger pulse reslon:;e was also

'I



significantly modified during N3 when compared to NI in the . ,

dose group.

Although there were significant di fferences in cardiova;cular res-

ponses to noise under the influence of triazolaii, thes;e vari tio ns

were moderate. Therefore, the effects of the tenzodi;izepine hypnotic

were not as pronounced in card iovascular responses; as they were in

and other electrophysiological measures.

COtNI,IlS I Nh

This study has shown that a benzodiazepine hypnotic can reduce the

number of electrophysiological responses and to a s;: ,iler dejgree 
t

he

amplitude of cardiovascular responses to noise. The effects cT - he

drug can be dose dependent, however, they are somet imes 1 i, it ed to the

first night of drug ingestion.
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EFFECT OF INTERMITTENT AND CONTINUOUS TRAFFIC NOISE ON VARIOUS SLEEP
CHARACTERISTICS AND THEIR ADAPTATION.

Thiessen, G.J.

National Research Council of Canada, Ottawa, Ontario, Canada

I. INTRODUCTION

Five years ago, in her introductory survey of the work on the effect

of noise on sleep, Griefahni repeatedly mentioned the difficulty of

drawing conclusions from the results of the numerous experiments that

could not easily be compared. Except for an increase in the number of

experiments, this situation has not changed greatly. This is not

surprising when we consider the number of permutations and combinations

inherent in defining experiments with various noise characteristics,

introduced with various temporal patterns, at different parts of the sleep

cycle, at different parts of the night, with greatly varying subjects of

various ages and temperament, and looking for various possible primary or

secondary responses, and finally looking for possible effects on health

due to these responses. This last problem is made still more complex by

our lack of knowledge of why we must sleep.

We can only hope that, as we increase the number ot comparable

experiments and achieve greater agreement among experimenters, some

patterns will emerge to increase our confidence in our conclusions

regarding some of the effects of some noises on some sleep parameters. If
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we're lucky we might even be able to relate these to health, at least tor

some people.

II. METHOD

The response of Ss was measured by EEG using frontal electrodes,. The

-ignals were recorded on paper, for detailed observation where necessary,
and also on magnetic tape. The latter was played back at 70 times the

recording speed which made the signals cleaily audible and also permitted

the use of standard audio equipment for frequency analysis. The main

frequencies selected by 1/3-octave filters were the alpha, delta and beta

frequencies. The experiments dealing with effect of noise on deep sleep

defined the last term as that part of sleep in which spindles occurred.
These were clearly audible as "chirps" when the tape was played back at

high speed.

The individual truck noises were recorded at 15 m from the line of
travel of trucks whose speed was about 90 km per hour. Continuous traffic
noise was recorded 15 m from the curb of a road carrying 3000 vehicles per

hour.

Ill. INTERMITTENT SINGLE TRAFFIC EVENTS

Because of the intensity of aircraft noise and soni, booms, their

effect on sleep formed a large part of the earlier studies. Truck noise

also received considerable attention. Figure 1 contains mostly old

familiar data,
2 

showing the probability of response as a function of the
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intensity of the noise stimulus, for a variety of kinds of noise ad

duration. (The source of the data is given in reference 2).

The top dashed curve involved a waking response resulting from a

highly impulsive noise source which was maintained at a constant level thr

about 200 seconds, then raised 5 to 10 dB for additional periods until thre

subject awakened.

The line drawn through the crosses gives the probability of waking due

to the passage of a truck, with a total duration of noise of 29 sec. per

passage. There were seven passes per night. At the 65 dB level there ale

two crosses on this line. The top one shows the value from more recent

workO when 20 truck passes per night were used. The response is

effectively unchanged. However after two weeks the number of wakings

dropped to half value as shown by the arcow pointing downward.

The large solid circles at about 70, 75 and 80 dB give the probability

of waking due to aircraft passes with the noise duration being about 5

seconds.

The small solid circles and triangles, in the same general region ot

the graph, show the probability of waking from sonic booms whose duration

is about 0.3 seconds. The two open circles farther to the right involve

the same duration of noise but using low frequency tone bursts and

measuring the probability of shift in sleep level.

The probability of shift in sleep level with truck noise ot 3 second

duration is shown by the solid line drawn through thep en circles. He re

again we have two values at the 65 dB level. The upper ,mie is ra i from

more recent work5 using 20 truck passes per night.

Ohrstr-m and Rylander
3 have recent IV Iihl ish-ed d'it i n , iv mIvt , melts



results are shown by the large open circles just below the last mentioned

line. Since not every body movement will result in waking they properly

lie above the crosses and arc consistent with the rest of the data.

It is obvious from this figure that the duration of the noise stimulus

plays an important part in determining the response, whether waking, sleep

level changes or body movement,;. Lukas' published a survey of data in

1975 which took account of the duration ot the stimuli by converting them

to EPNdB. He achieved a considerable reduction of the scatter of the data

from various sources. Can this be extrapolated to continuous noise such

as that from dense traffic'? Apparently this is not the case.

Not shown on this composite graph are the effects of truck noise on

the percentage of deep sleep . Eight to twenty truck passes at peak

levels of 65 dB caused a decrease of 3% in the amount of deep sleep of 17

subjects.

IV. CONTINUOUS, FREE-FLOWING, TRAFFIC NOISE

1. Number of Wakings.

Table I is taken from a recently published reportb in which continuous

traffic noise was presented to subjects every other night for 12 nights

while the nights in between were quiet. When the level of traffic noise

is 47 dB the number of wakings is about 13 per cent higher than on the

quiet nights. Table 2 shows the results when the traffic noise is 60 dB

which resulted in a 36 percent increase in wakings. These results are,

plotted in Fig. 2.

In the same figure are plotted the result, of Ohrstrm and gylander'

on wakings and body movements. However, their number of wakings were not

measured but rather estimated by the subjects and so their mean n£ i

probably more qualitative than quantitative. We can onlv say thereore



Table 1. Average per cent deep sleep for nights with tr.i tic rnjise at .i

level of 47 dB compared with nights without noise ( back ,round level 32 db)
for 14 subjects. Also shown are the total number of wakings in 12 nights.

X -Deep- Sleep No. of Wakings

Subject in noise no noise Diff. in noise no noise Diff.

1 69.4 67.7 + 1.7 23 22 + I

2 61.0 62.4 - 1.4 17 15 + 2
3 71.4 67.8 + 3.6 14 14 U

4 67.1 61.7 + 5.4 13 13 0

5 b4.9 63.5 + 1.4 3 + I

6 60.6 59.6 + 1.') 17 9 + 8
7 64.6 62.1 + 2.5 12 8 + 4
8 68.5 67.6 + 0.9 23 23

9 57.2 60.1 - 2.9 5 U + 5
10 68.2 66.6 + 1.6 28 19 + 9

11 65.9 66.9 - 1.0 14 11 + 3
12 66.3 63.9 + 2.4 17 11 + 6

13 69.3 63.7 + 5.t 39 46 - 7

14 56.8 57.0 - 0.2 14 19 - 5

Average 65.1 63.6 + 1.5 17.1 15.2 + 1.9
% Change + 2.4 +12.6

Table 2. Average per cent deep sleep for nights with traffic ,ise at a

level of 60 dB compared with nights without noise for 12 subjects. Also

shown are the total number of wakings for 12 nights.

"Deep" Sleep No. of Wakings

Subject in noise no noise Diff. in noise no noise Diff.

1 72.4 69.2 + 3.2 25 17 + 8

2 66.0 64.4 + 1.6 29 24 + 5

3 69.4 64.6 + 4.8 16 15 + 1

4 69.0 66.0 + 3.0 23 15 + 8

5 68.3 66.9 + 1.4 71 43 +28

6 66,0 63.0 + 3.0 54 44 +10

7 76.7 72.7 + 4.0 18 10 + 8

8 7L,6 65.9 + 5.7 8 4 + 4

9 66.0 64.4 + 1.6 26 28 - 2

10 71.6 67.1 + 4.5 19 24 - 5

11 73.4 71.t + 1.8 21 22 - 1
12 72.3 67.9 + 4.4 57 35 +22

Average 70.2 67.o + 3.25 30.6 23.4 + 8.5
Z Change + 4.8 +36.3
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wakings (points, from tables and a, Line from refr. 3) and b)d

movements (crosses, from ref. 3)

that we are in agreemeit that continuous traffic noise tends to increase

the number of wakings.

The increase in number of body movements agrees more closely with our

data on number of wakings.

2. Percentage change in deep sleep.

The percent "deep" sleep is readily measured, by timing the "chirps"

with a stopwatch. The data are shown in Tables 1 and 2 and plotted in

Figure 3. The percent deep sleep increases with an increase in traffic

noise (noise from *000 vehicles per hour measured at 15 m from the curb).

This may appear inconsistent with the fact that there is more waking and

more body movement. It suggests that continuous traffic noise improves

ones sleep. Yet most other measures contradict thisJ .

That contradiction can be eliminated if the change in deep sleep is

not a primary effect .There are many reports that indicatc that

I NI
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Fig. 3 - Effect of continuous traffic noise on percentage change in deep
sleep (data from Tables I and 2).

deprivation of REM sleep results in an increase in stage 4 sleep. Since

our simplified definition of deep sleep combined stage one, dreaming and

waking all into one group it could have happened that the noise caused a

decrease in dreaming as a primary effect. The increase in -deep" sleep

then showed up as a secondary effect and hence as a possible sign of a

deleterious effect of the noise.

This, of course, remains speculations.

It is interesting to compare the above results with those using

intermittent truck noise
b
. In that case the deep sleep was reduced by

three percent.

V. LATENCY OF SLEEP ONSET

Our subjects, like most working people, ended their sleep by in alarr

clock. In that case an Increase In latency of sleep onset due to noise

may reduce the total amount of sleep even if the percentage of deep slee:o

i I )(I



is not reduced. This latency was therefore measured by timing the

interval from lights-out to the onset of spindles which indicated the

beginning of deep sleepb.

Neither the 47 dB level nor the 60 dB level of traffic noise showed

any measurable effect on the average latency of the 14 and 12 subjects

respectively. Individual differences, however, were large. Figur 4

shows the results for one subject (S.E.L.). Although there is a great

laboratory-effect as indicated by the steady drop to the 24th night, the

difference between that with 60 dB of noise and without noise seems to

remain. The average latency for the quiet nights was 11 minutes while

that for noisy nights was 18 minutes

40-

E 30
!

20
o \
.I

* 0 - o-* -o ~
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I I I I l "

0 4 8 12 16 20 24

Night no.

Fig. 4 - Sleep latency for one subject as a function of number of nights
exposure to continuous traffic noise at a level of 60 dB
(circles) compared to that for quiet nights (solid points).

Since the average effect of the noise was near zero, all the data for

both groups can be combined to provide a laboratory adaptation curve.

Figure 5 shows the result (with the values for each pair of nights

averaged to reduce the number of points to 12). Adaptation seems to be

complete in about 10 days.

IM,7



40

E 30
U

C

10

0.

0 I I I I

4 8 12 16 20 24

Night - no.

Fig. 5 - Average latency of sleep onset for 26 Ss as a function of nights

in the laboratory.

Vii. NOISE AND THE SLEEP CYCLE

Herbert and Wilkinson
/ 

suggested 10 years ago that there was a

correlation between performance and disturbance, on the night before, of

the cyclical nature of sleep (which they referred to as "rhythmicity").

Accordingly an attempt was made to measure the effect of continuous

traffic noise on this sleep characteristic. In individual cases the

effect may be dramatic (see Fig. 13, reference 2). But in general this is

not as easily determined and the results to date are not conclusive. Our

problem lies in the definition of a cycle. The square wave character of a

record of the amplitude of the a-frequency from frontal electrodes

(reference 2, Fig. I) seems to make this an easy task. But few subjects

show so persistent an adherence to a uniform pattern even after being

wakened and pushing a button, If waking represents the end of a cycle,

regardless of how promptly this is followed by return to deep sleep, Lhen

clearly the duration of the cycle, as well as its uniformity, is

I I



disturbed, since the number of wakings has been increased by continuous

traffic noise as shown in Fig. 2.

Table 3. The effect of various noise stimuli on various sleep parameters.

Stimulus 60 dB Level Adaptation
< I sec 10 sec 200 sec continuous

Sleep traffic
Parameters

Prob.
level shift 0 0.5 ? 0

Prob.
Waking 0.1 0.25 0.8 ? 0.3 2 wks

Latency (+,-) yes

% deep sleep - 3 + 4.8 ?

% dreaming (-,?)

Sleep
duration

Sleep cycle
disruption yes yes? some

Quality (+,-) no ?

Lab effect yes yes yes yes

CONCLUSION

Table 3 shows, in a crude way, what effect some kinds of noise have on

some sleep parameters and if adaptation occurs. The entries are by no

means uncontroversial nor comprehensive, but are meant to emphasize the

complexity of the problem and how much is unknown. The relation to health

Is omitted entirely for obvious reasons.

We can say with reasonable confidence that there is consistent waking

and shifting of sleep level for intermittent noises of yarious kinds. The

flN,



effects increase with intensity and with the duration of the noise up to a

limit. The waking reaction is reduced to about half value in two weekso.

For continuous traffic noise there is only a small increase in waking and,

unexpectedly, also an increase in the percentage of the night spent in

deep sleep. The average latency of sleep onset is not affected by traffic

noise but individuals differ greatly. The effect on the cyclical nature

of sleep is uncertain since it depends on how a cycle is defined.
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PROPOSALS FOR FURTHER RESEARCH ON NOISE-INDUCED SLEEP
DISTURBANCES

Muzet, A. and Griefahn, B.

Centre d'Etudes Bioclimatiques du CNRS, Strasbourq, France
Institute for Occupational Health, University of DUsseldorf,
FRG

Regarding the conclusions and recommendations of the last Con-

gress held in Freiburg 1978 a considerable body of work has

been done within the last few years. The progress since then

is centered on 5 main topics:

1. Parameters presumed to be sensitive to noise and noise-

induced sleep disturbances:

- Physiological parameters. In the past, sleep was described

mainly by the total sleep time, the number and duration of

awakenings, and of the sinle sleep stanes. It became then

increasingly common to describe sleeT) also clualitativelv bYx

its rhythmicity and by the distribution of sleep staqr5 anl

awakeninqs. In addition several vegetative reactions (car-

diovascular and respiratory) were recorded and proved to be

largely resistant to adaptation.

- Subjective assessment. Scales were developed for assessini

sleep quality, the actual situatinn (fatigue, alertness etc.)

and mood.

- Performance. Several performance tests were applied and

partly proven to he related to noise and/or noise-i nfuC(,d

sleep disturbances.

2. Interaction with moderator variables. Variables assur ed to

interact with noise and sleei) were rornrded more and mer,. 'ho



relation between noise annoyance and sleep quality (of resi-

dents living in noisy areas is influenced by age, health,

noise susceptibility etc..

Noise-induced reactions of EEG-data, subjective assessment,

and performance are more or less dependent on sex, age, years

of exposure, and experimental conditions.

3. Habituation. Habituation to long-term exposure was studied

using 2 main approaches:

- follow-up studies

- cross-sectional studies including an experimental condition

were prefered. During the experimental condition noise level

was either raised or reduced. Habituation was found to be

small or not existent.

4. Techniques of recording and evaluation. Methods which can

be applied in field studies should be vastly resistant aqainst

artifacts, easy to record, and easy to evaluate. Especially in

the analysis of the EEG and ROG automatic systems were applied

and improved.

5. Cooperation. Cooperation between different laboratories

were initiated. The best example is the joint European project

designed to investigate the effects of noise on sleep and sub-

sequent performance. 4 teams from Britain, France, from the

Netherlands and the Federal Republic of Germany were involved

in this investigation. Methods of recording and evaluation

wore comparable enabling to pool the results of about 1000

ninhts of 70 subjects.

1fowever, a considerable list of problems still remains tn be

solved in the future. The disadvantaoe of sleep research is

that only one experiment can be executed within 24 hnurs an

thus answ:rs cannot be (iven at short slight. The extremely

time-consuming research is a demand for more directed work

and for concentration to only a few goals.
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The most important question still unanswered is whether noise

causes permanent health effects in the long run. Pooling the

results for the joint European project it could be pointed out

that people with long-term-exposure to traffic noise still

sleep better in relative quiet nights. This was demonstrated

for physiological data, for subjective assessment, and for

performance the next day, suggesting that there is no complete

adaptation even after years of noise exposure.

The 3 indicators (or better the presumed indicators) of sleep

quality are often not related to each other. This means that

the postulated pathway for the development of health disorders

(noise - sleep disturbances - subjective assessment - impaired

performance) is not obligatory.

One very important goal for future research then is to deter-

mine valid indicators of sleep disturbances with respect to

health and well-being. There is still a need for physiological

parameters and practicable techniques for recording and evalu-

ation, which can be easily applied in the field. This basic

research as well as the determination of the validity of EEG

reactions and vegetative alterations has to be executed in

the laboratory. After-effects as there are subjective assess-

ment and performance the next day should be recorded not only
in the morning but several times a day.

The results of field experiments are, as a rule, smaller and

often less clear than in the laboratory. The reasons are pro-

bably on the one hand the number of variables which cannot be

controlled sufficiently in the field and on the other hand the

experimental design. In most of the studies carried out the

subjects slept under both noisy and quiet conditions. But

because of the transient character of the experimentaX condi-

tion (raised or reduced sound level) the situation per so does

not change substantially and this presumably keeps the effects

relatively small. It is therefore necessary to record the



effects of lasting counter measures. These measures should be

practicable and generally applicable for the prevention of ne-

gative noise effects to residents living in noisy areas. The

reduction of noise levels can be attained by

- decreasing the sound conduction by fitting double glazing

or sound barriers (The single study demonstrating that -

transient - sound insulation by double glazing is ineffi-

cient for cardiovascular responses to noise peaks should be

replicated).

- reducing noise pollution at its source by slowing down the

traffic speed, closing streets totally or selectively for

trucks and/or motorcycles.

It is furtheron of practical interest to know the hours of

particular sensitivity. Road traffic then can be reduced or

prohibited for the appropriate time.

In the last years some papers demonstrated that continuous

noise is less disturbing than intermittent noise. But with re-

gard to noise-induced sleep disturbances we have no definition

for continuous and intermittent noise. Research on this pro-

blem covers the question of the prediction of noise-induced

sleep disturbances by rcoustical data. An important question

is whether the equivalent noise level is a useful predictor

for noise effects and preventive measures or whether we better

should refer to the number or the peak levels, the noise in-

tervals, etc..

Critical groups with a particular sensitivity to niqhtly oc-

curring noise, their psychological determinants and physiolo-

gical characteristics have to be defined.

The international cooperation already initiated and succoss-

fully executed has to be enforced. Cooperation requir( s a

minimum consensus with regard to the methods applied. The ad-

vantage then i:3 a greater reliahi] ity of the combined results.



II

As it was suggested by Team 6 working on community responses

to noise a collaboration with this group and with Team 4 wor-

king on performance is desirable and will be helpful for the

solution of many problems.
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after staying 8 hours per day in an experimental room, where they were

exposed for two days to 83 dB(A) pink noise, and finally one baseline
night. Throughout all nights EEG, EOG, EMG, ECG and respiration were con-
tinuously recorded. Before the second night, a catheter was inserted

from an antecubital vein into the axillary or subclavian vein where it re-
mained for the following five nights. During these nights, blood samples
were taken without disturbance of the sleeper: every 30 min for the deter-

mination of adrenocorticotropic hormone (ACTH), human growth hormone (HGH)
and prolactin (PRL) and every 60 min for the determination of tryptophan
(TRY), serotonin (5-HT) and 5-hydroxiindolacetic acid (5-HIAA) levels.

ACTH, HGH and PRL were determined with routine clinical radioimmunoassay

methods, whereas TRY, 5-HT and 5-HIAA determination was performed with

HPLC analysis. The sleep data were scored automatically by cluster analy-
sis and classified into the usual sleep stages. For statistical analysis

either Wilcoxon signed rank test or multivariate variance analysis were
used.

RESULTS

The EEG sleep data showed no significant change in the percentage of

the different sleep stages after daytime noise. Slow wave sleep (stage 3

and 4) was uneffected, but splitting it revealed in 4 subjects an increase

in stage 4 sleep with a simultaneous decrease in stage 3 sleep. The sta-

bility of the sleep stages was altered: all subjects showed a decrease in

stability of sleep stages 2 and 3 (p .05), while 5 subjects showed a cor-

responding increase in stability of stage 4 sleep. REM sleep always re-

mained uneffected. Concerning the endocrine functions, the usual increase

of ACTH in the morning was uneffected in all subjects, while 3 subjects

showed an increase in HGH peak and PRL plateau during the nights after

daytime noise. In the other 3 subjects these parameters showed no differ-

ence between the nights. As for the levels of TRY, 5-HT and 5-HIAA, all

were generally lowered during the nights after daytime noise (p .07),

but showed no consistent change in the trend during the nights (Fig.1).

DISCUSSION

Contrary to the results of our previous study (Fruhstorfer et al.

1983) we found in this experimental series no significant increase in slow
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Fig.1 - Comparison of TRY, 5-HT and 5-HIAA values from nights following
days without noise (open squares) with the values from nights fol-
lowing daytime noise (closed squares). Means and standard errors
from all subjects; the data were normalized by Z-transformation.

wave sleep. There was, however, an increased stability of sleep stage 4

and a decreased stability of the stages 3 and 2. Additionally at least in

3 subjects the values of HGH and PRL showed a tendency to a higher level

during the nights after daytime noise exposure, what might be interpreted

as a sign of increased metabolic demands. Therefore at least the con-

clusions from both experimental series might be similar, pointing less to-

wards a constant high arousal level after daytime noise which would re-

strain the central nervous system from recovery, but rather towards an in-

creased demand for restorative processes. When including the peripheral

serotonergic system in such a concept it has to be considered that only

very little is known in humans about the correlation between plasma and

brain concentrations of TRY, 5-HT and 5-HIAA. Experiments in cats show

that central serotonergic neurones are most active during day, especially

during arousal, and less active during sleep (for literature see Jouvet,

1983). Experiments with rats admit the assumption that a low rate of 5-HT

release is correlated with a high rate of 5-HT synthesis (HOry et al.
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1972). On the basis of these data it can be speculated that noise stress

during the day activates central serotonergic neurons. During the night

this activation might be followed by a higher rate of transmitter syn-

thesis and lower plasma levels.
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ENVIRONMENTAL_ RESEARCH PROGRAM: EFFECTS OF NOISE UJ! HUrJrA.

BEINGS

Gottlob, D.

Federal Environmental Agency, 9erlin, Federal Republic of

Germany

INTRODUCTION

For an effective protection against noise emission and immiss-

ion limits often have to be established. These limits are to

make sure that harmful environmental influences are avoided.

The Environmental Research Program concerning effects of noise

on human beings has the main aim to find out the conditions

under which harmful influences, i.e. health hazards, conside-

rable disadvantages, and considerable annoyances,can occur.

Since the last congress in Freiburg 1978 a variety of projects

has been funded. According to the recommendations of the pro-

ject group "Combating Noise Pollution" /l/ formed by the Mi-

nister of the Interior in 1977 the projects were mainly con-

cerned with

- actual noise configurations (every-day noise)

- over a long period of time (long-term effects)

- in real-life environmental situations (field studies)

- with consideration given to other environmental fac-

tors (combination of irritants).

RESEARCH ACTIVITIES

The main topics of the research activities have been

- cardiovascular effects of noise /2/ /3/
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- noise-induced sleep disturbance /4/ /5/

- synergetic effects of environmental and working noise /6/

- social surveys about the community reactions to traffic,

aircraft and shooting noise /7/ /8/ /9/ /lo/

- effects of noise on performance and information process-

ing /12/ /13/ /14/ /15/.

The research activities have extended our knowledge about the

effects of noise considerably.

Of special importance are the results of studies showing that

environmental noise may be a risk factor for cardiovascular

diseases and defining possible risk groups.

The social surveys about the commt.,iity reactions to transpor-

tation noise give a comprehensive description of the kinds

and the degrees of nuisances caused by noise in existing en-

vironmental situations. Current surveys dealing with the re-

actions to vibrations in residential areas and to noise in re-

creation areas will extend our knowledge further. ThouLjh

numerous questions have to be cleared up a lot of qualiti-

tive and quantitative information about the consequences of

special noise limits is available now.

The research results about the effects of noise on c erformance

show an extraordinarily complex picture of the mechanlms

which lead to disturbances. Thus, general statements aLout

the relation between noise level and disturbance being Vaid

for many situations and for larger groups of individuals seem

to be impossible. In individual cases, however, specifications

about the disturbing effect of noise levels can be made /lb/.

The studies about noise-induced sleep disturbances have

yielded a variety of new information but despite considerable

research efforts important questions already being asked at

the last congress in Freiburg /17/ cannot be answered yet:

1. What is the natureand function of sleep, how can its sig-
nificant characteristics be measured?

2. What are the health and performance implications of noise

disturbed sleep?

Because of the important consequences for public health car-
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vascular effects of noise and noise-induced sleep disturban-

ces are topics of the current and future research activities,

too. But as epidemiological studies can only point out sta-

tistical relations between noise parameters and health ha-

zards but not causal ones longitudinal studies have to be

performed in which well defined risk groups will be surveyed

medically over a long period /18/.

Also with social surveys there is more need for longitudinal

studies than for further cross-sectional studies nowadays.

Our knowledge about sensitization or adaptation, the communi-

ty response to new constructed traffic routes, the subjective

effectiveness of noise protection measures is too poor yet

and it can especially be improved by longitudinal studies.

This knowledge is urgently needed to confirm the necessity

and the benefits of further noise control measures and to

find out the most effective way for noise abatement.
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COMPARI:ON OF THE IMPACT OF RAILWAY NOISE AND ROAD TRAFFIC
ON SLEEP

Vernet, M. - Simmonnet, F.

Institut de Recherche des Transports, CERNE, Lyon, France.

INTRODUCTION

Sleep disturbance by train and road noises was studied

through it' u*l physiological recordings on two groups of

people submitted to both types of exposure for comparing

the respective habituation of sleep with respect to the type

of disturbing noise and with respect to acoustic characte-

ristics of each situation.

METHOD

Two sites were selected : the French provincial town
of Macon and a village called Domarin. The acoustical
characteristics are indicated in Table 1. At both sites
people were exposed at the same time to both kinds of
traffic and peak noise levels of trains were of the same
order of magnitude.

Ten subjects were selected at each site (a total of
nine men and 11 women, average age 35 years, for the two
sites).

The physiological reactions of sleeping subjects
were recorded with the use of a telemetry transmitter.
The magnetic tape and graphical recording instruments
were housed in a recording van. A microphone for the
measurement of the noise level in the bedroom was connected
to a logarithmic sound meter and tape recorder. Outdoor
noise was studied by means of a statistical analyzing
instrument. The following physiological recordings were
made for each subject : EEG (vertex occipital), EOG (eye
movement), EMG (chin muscle) and ECG (cardiac activity
through precordial electrodes).

1023



The recordings were evaluated in accordance with
the procedure given by Rechtschaffen and Kales. The
immediate response to each vehicle transit noise were
grouped into five categories : nil reaction ; weak transitory
response ; change in sleep level ; awakenings ; and tota2
reactions (that is, combinations of all kinds of reactions).

All noises rising above the background level in
bedroom were identified in the following terms : peak level
duration above background noise ; emergence (that is,
difference between peak level and background noise) type
of noise (train and road).

Characteristics of the sites

Ciacractriiia flitsi

Train nos Road ioItsc
Back cround I

I " n i g h t T r a fli c, T a tfi c " ,, n o l e¢ [ ¢ \ 1 t l o d

IdI l k,hiches) night chi.hs I ack dl A,,,' tdl A'

Mtacon 69 810 69 5111) 0 45 50 72

Domarin 50 15 52-53 100 60 31) 55

RESULTS

ll waitrh -lce .. .t'p lt repI't i - a , r, ri

I. Nuimt- 1 Nu-mr Vercent (i nidenC Numbr it et enI 1 ,nttit'n.V

Miton it t5' 114 1 5 15 22 2274 '41) lSi 3 L
Domrtln '2 ti4 I2 140 1 14

Ciorrelation heitven the peak n ee l t h.eil , i re o,-ii"

I) we ,i talk+ ite I inear iegrtnniin eqttatrattn Sigzni amn-c Inne

Ni t n O2r t 126 00 p aolRatl lltmsrn t . -0i 0i t IIt -lin t.Ilt

Rintd MIn t- 0Q9- I11' 01 P.- 001

CONCLUSION

For the same value of L there were three times aseq

many disturbances to sleep due to the noise from road traffic

as there were due to the noise from trains. However this

was not because people become more accustomed to train

noise but rather because such disturbances are closely
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related to the number of noise occurences and, in the case

of our site, for the same value of L there were threeeq

times as many road vehicles as trains concerned.

For the same type of traffic (rail traffic) the

number of disturbances to sleep falls appreciably as the

value of L decreases.
eq

In sites with very different acoustical situations

the most important factor of disturbance is peak level for a

single event and Leq for a general index, but in a noisy

place the factor that makes the most difference to instanta-

neous sleep reactions is duration while in a quite place

it is emergence.

One does not observe specific effects of train

or road noise on the threshold of immediate sleep disturbance.

As to modalities of sleep disturbance, (1) when

emergence becomes higher, awakenings increase, and when

duration becomes longer, sleep level changes increase, and

(2) at the noisier site, 78 events out of 100 do not

interfere, and in the most favorable case (duration

shorter than 20 s) 86 % events do not interfere, while at

the quieter site, 97 events out of 100 do not interfere

with sleep, and in the most unfavorable case (peak level

higher than 54 dB, and emergence higher than 12 dB) , one still

observes 90 % of nil reaction. These results are in contra-

diction with the ordinary notion of saturation of reactions

when the number of stimulus increases, because one observes

here better adaptation in the quieter place than in the

noisier one.
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Almost 20 years ago the Final Report of the Committee )n the

Problem uf Noise was presented to the British Parliament and, in

representing the results of some years of very thorough and basic jork

on the topic of community response to noise, laid out a prospectus of

the problems which, then and now, needed to be solved:

These problems remain with us, and it is clear that in the last 20

years substantial progress has only really been made in the first three

of these categories.

1. Noise from motor vehicles

2. Noise from other surface transport (Including noise from railways,

boats and hovercraft)

3. Aircraft noise (military and civil, including sonic booms but not

general aviation or helicopters)

4. Noise from industry

5. Noise from construction and demolition

6. Entertainment and advertising noise

7. Noise in the country



A

We need periodically to review progress over fairly long periods,

and also to remind ourselves of the basic underlying philosophy of our

research. By now this whole field has become a little less abstract

than it was and is already perhaps in danger of excessive reification:

we do not ask ourselves, for example, what community response is. It

clearly is not, if we look at the literature, any response which may be

observed in the community: we cannot see, for instance, any sign that

there are individuals and groups who see positive value in some noises.

Community response has been implicitly defined as unfavourable, even to

the extent that laboratory studies (which by definition provide no

normal social context for the noise evaluated) often fail to

differentiate between loudness and noisiness.

It may well be the case that the term 'community response' has

reached the end of its useful life. In the earliest days of social

investigations of noise it was essential, as a guide to research and

policy, to estimate the percentage of the population exposed to each

source of noise nuisance. This is now a less frequent requirement

(although still useful as part of the environmental monitoring process,

see, for example, Fidell, 1978). More typically found are those studies

in which the responses of large numbers of individuals are correlated

with individual or representative noise measurements. These studies do

not sit easily under the heading of 'community studies' and, in. eed,

ideally their research findings would contribute to the definition of

environmental standards which would protect each and every aggrieved

individual, rather than some aggregated community. It may well be that

the continued use of the phrase allows researchers (and administrators)

to escape two genuine problems which it is absolutely necessary to

face: the first, that at the present time It is possible to predict
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individual responses to noise within only a very wide band of

uncertainty; and the second that knowledge of the scale of individual

differences in response has a vital role to play in helping us set

community noise standards.

A considerable proportion of the literature now refers to dose-

response relationships and it is, unfortunately, quite possible that

similar considerations apply to this usage. In experimental toxicology,

both dose and response are operationally-defined and objective

phenomena: the response, death, is quintessentially so. In the case,

however, of noise, this is far from being the case, since even the dose

requires subjective definition. The objective acoustic datum is sound,

the physical characteristics of which are measured by our acoustic

technology: noise itself has to be psychologically defined. The

response we measure, it should be understood, is even less objective and

the attempt to describe the relationship between received noise and

expressed reaction as a crude input-output process in which there are no

intervening variables within the black box (the human being) is doomed

to failure. The phrase dose-response relationship seems to encourage

that simplicity of thought, and to remove the possibility of

investigating human diversity.

These points will arise again in the review of the last five years'

progress in this area because they are implicit criteria in that review,

which is based on the search for:

(I) predictive relationships with noise sources other than aircraft and

road traffic;

(2) methods of dealing with differences between the effects of different

sources and their interactions;
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(3) a concern for factors enabling us to shift from the analysis of

grouped responses to those of individuals.

SINGLE NOISE SOURCES

To continue the general policy so far outlined, it is necessary to

begin by indicating the noise sources which have so far received little

or no attention. In view of the wide acceptance of the view that there

is at present neither a noise index which receives total agreement in

terms of its suitability fur a universe of sources, or, even a commonly

held limiting value of, say, LAeq it is perhap, surprising that no

significant work has appeared in refereed journals in the last five

years which relate to lelicopters, general aviation, or to ground

activity of aircraft. Nothing can be reported on noise from industry,

construction, or entertainment, as far as community response is

concerned. Urban and rural differences in response to transportatiol

noise have most notably been investigated by Fields and ; alker (1i82)

with regard to railway noise, but no work has been reported on the other

sources of noise (aircraft, traffic) which exist in both town and

country, or on the noise from agro-industry.

Infrasound or airborne vibration has continued to be neglected, and

in the period under review only Leventhall's group (Broner and

Leventhall 1982) have reported new work on low frequencies. Thoresearch

investigation was laboratory-based and used the magnitude estimation

technique for assessing both annoyance and loudness, which they found to

be highly correlated. All noise indices tested were approximately

similarly correlated with subjective response although it was concluded

that dBB was possibly the most effective index.
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Noise from neighbours has continued to be neglected, although

Langdon et al (1981;1983) have reported that a small but significant

proportion of the UK population living in postwar houses are bothered by

noise through party walls and that the technically-derived Government

standard correlated well with the percentage of respondents categorizing

the insulation in each of four quality groups. It was also clear that

the quality of insulation was salient to the respondents and that impact

noise was particularly important. Fidell et al (1979) have reported an

ingenious laboratory experiment in which the annoyance caused by low-

level sounds was shown, in the case of one of three possible background

spectra, to be better predicted by their detectability than by dBA or

other indices.

Impulsive noise has received a fairly considerable degree of

attention in the last five years: Seshagiri (1981), for example, has

investigated community reaction to impulse noise from drop forges,

producing correlation coefficients between community response and noise

measurements of about 0.6. Hede and Bullen (Bullen and Hede, 1982;

Hede and Bullen 1982) have followed Sorensen and Magnusson (1979) in

investigating reaction to rifle-shooting ranges. The relations between

exposure and reaction are fairly similar in both sets of investigations

but the Australian researchers also took into account the noise

sensitivity of respondents and their attitude to the presence of the

rifle range.

Considerable progress in the understanding of railway noise effects

has been made witi the appearance of the results of the Southampton

University study (Fields and Walker, 1982). This was a large-scale

study carried out on more than 1400 informants and involving
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approximately 2000 noise measurements. The Summed Annoyance Index (SAI)

was found to correlate reasonably with the 24hr L Aeq (r 0.42), a

stronger relationship than with LDN, NEF, NNI, or dBB, dBD, or linear

dB. There was no apparent need for day/night correction, or correction

for background levels: and, in direct contradiction of Schultz (1978)

railway noise was significantly less annoying than aircraft or road

traffic noise, and SAI was a better correlate of exposure than % very

annoyed. Of the personal characteristics of respoirdents, none showed

any clear effect except that life-residence at the particular site

conferred lower annoyance.

Aircraft noise continued to receive a great deal of attention. A

Canadian group has reported the results of considerable investigation at

Toronto International Airport and Oshawa Municipal Airport (Taylor et

al, 1980; Hall et al, 1980). Their careful investigation of the effect

of background traffic noise level on annoyance with aircraft noise

(based on the analysis of correlations between noise annoyance and

traffic noise exposure within the same level of aircraft noise) gave a

largely null result. On the other hand, when unprompted reports of fear

of crashes, of airborne vibration and air pollution were analyzed for

their effects on aircraft noise annoyance within noise exposure bands

(NEF), they were all found to have significant effects. Rylander's

Swedish group (Rylander et al, 1980) have continued to argue for a

reassesment of the interaction of overflight frequency and peak noise

level. They conclude that the number of overflights only has an effect

in the range up to 50 overflights per 24 hrs. Above this number the

maximum noise level (dBA) which occurs at least three times in the 24

hrs is claimed to best represent community response. Taylor et al
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(1981, op cit) have attempted to investigate the effect of the number of

overflights in comparison with the effects of peak noise level by

looking at two airports with different characteristics: both airports

showed significant correlations between NEF levels and 7 annoyed, %

sleep disturbed, and % suffering speech interference. For the same NEF,

however, the smaller airport of the two always generated more

disturbance, thus confirming the operation of different models for

varieties of the same noise source.

In the field of road traffic noise there is also a significant

Canadian contribution (Bradley and Jonah, 1979). Their major aim was

not to elucidate the primary relationship between traffic noise exposure

road type, community size and socio-economic status as variables

intervening between exposure and response. This they did by selecting a

sample containing 4 noise levels, 2 levels of socio-economic status, 3

sizes of community, and 3 types of housing. Flat-dwellers were more

annoyed than other groups at high noise levels, and it was suggested

that this might be due to their having better visual contact with, and

therefore better knowledge of, traffic flow. Road type appeared to

interact with socio-economic status so that freeways caused more

annoyance to high status respondents than to lower status informants, at

high noise levels. There also appeared to be lower levels of annoyance

in small communities than In larger (although smaller communities

contained only separate houses and regular roads). Griftiths et al

(1980) investigated seasonal effects of traffic noise on inhabitants of

houses fronting on to suburban roads and exposed to 18hr dHA 1,10

between 57 and 81. This study showed a complete absence of seasonal
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effects on dissatisfaction, and, indeed, of differences between

households based on window-opening practices. Nemecek et al (1981)

investigated the proportion of tile population highly annoyed as a

function of noise exposure in a number of Swiss towns and found a good

fit with the synthesis of social surveys reported by Schultz (1978).

A number of researchers have attempted to investigate traffic noise

annoyance in the laboratory. Cermak (1979) used the Multi-Dimensional

Scaling technique on paired comparisons of similarity and aversiveness

of 13 45s samples of traffic sounds. The major determinants of the

subjective judgements were complexity (which was not specifiable in

physical terms)and variability (which 4as nut the standard de'iI :) ":

the noises. LAeq was the best predictor of aversiveness. nl~rstr2o-. ,t il

(1980) investigated reaction to recordings of- the noise tror. muped,,

trucks, trains and aircraft with the same peak dBA but difterent

L eqwas the best predictor of subjective reactio; an! dit:erunces bete

different vehicles at similar L values were observed.eq

The great majority of studies of traftic noise annoyance relate t,)

the specific subpopulation of people in their homes, but Sargent -t 11

(1980) have reported a study of the disturbance caused to snhool

teachers at their work. The correlation between teachers' responses on

a -point scale of 'bother' and the dBA Ll fduring the school day was

very high and teachers appeared to be more sensitive to noisc

disturbance than householders. It is possible that the restrict ion of

possible contexts (one classroom/teacher; the largely auditory task of

teaching) is the reason for this finding: if so it is possible that

contextual restrictions could beneficially be placed on respondents in

household surveys.
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COMPARISONS BETWEEN NOISE SOURCES

Just within the time-period covered by this review falls a

comprehensive attempt at the synthesis of the results of a large number

of previous research investigations which is so ambitious and

important that it cannot be dealt with in the format of the brief

abstract: Schultz's review of social surveys on noise annoyance

(Schultz, 1978). Schultz reviews a very large number of community

noise surveys relating to transportation noise sources, with the aim of

reconciling the differences between them so as to reveal a common data

base. He has no reservations about having had to make arbitrary and

subjective judgements of his own in doing so. Kryter (1982) has

criticized the synthesis on grounds which have not received Schultz's

acceptance. Both methodological and empirical points can be raised

which cast doubt upon the validity of Schultz's procedures, and perhaps

on some of the changes of attitude among noise researchers which seem to

have followed the advent of Schultz's synthesis.

Since the beginning of this field of research activity it has been

recognized that attitudes to noise are continuous, scalable variables

and many attempts have been made to construct methods of measuring

these attitudes. Schultz, however, favours the treatment of attitude

data as categorical: highly annoyed or otherwise. This is an extremely

crude use of complex data and the crudity is manifold:

1. the reduction of ordinal or possibly interval data to

classificatory;

2. the failure to perceive that a statistical distribution (of,

in this case, annoyance scores) can minimally be described by a measure

of central tendency and one of dispersion. While a distribution may

. . . . ... .._ . . . . . . .. . . . . .



need more than this to be characterized adequately it cannot require

less;

3. the assumption that there is a fixed threshold for annoyance

which is adequately defined entirely in terms of the respondents' verbal

behaviour pre-empts policy decisions;

4. the avoidance of the problem of individual differences;

5. the choice of a relatively extreme criterion (highly annoyed)

as the basis of the single descriptive statistic for the attitude data.

This leads to a greatly increased statistical error in the prediction of

annoyance in practical situations, therefore reducing the possibility

that the procedure can achieve what it in large part sets out to do.

This point is sufficiently important for it to be worthwhile to

consider it further before going on to evaluate the reasoning which

Schultz advances.

Every social survey is based on tile idea of sampling: small samples

are taken of the population exposed to each of several noise levels and

regression lines are constructed relating attitude and noise exposure.

The size of the sample is normally in tile range I to 100, and for the

sake of this argument is taken to be 50 Schultz recommends estimating

the proportion of the population highly annoyed on the basis of the

sample data. Griffiths and Delauzun's (1977) results can be used to

exemplify tile procedure recommended. At the noisiest site in that study

tile 18hr dBA L was 80 and the mean dissatisfaction score approximated

to 5.5; at the quietest, by contrast, the relevant fIgures were about

bOdBA and 3.5. The standard deviation in dissat isfact ion was

approximately 1.75: the statistical distributions were truncated normal.

With this information it is easv to consult the tahle of the unit
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normal curve and read off the percentage exceeding any value of the

score distribution whicoh it is desired to us, is i ti -,'

The % annoyed should relate to respondents scoring over the

named midpoint of each interval, rather than its lower band, 5.5 or

b.5. Table I gives the percentages above each of these cutting-points

for the two sites:

TABLE I PERCENTAGE OF POPULATION HIGHLY ANNOYED

SCORE

5.50 6.00 6.50 7.00
Site 1 14% 8% 5% 0%

Site 2 50% 38% 27% 18%

The standard error of an estimate of a proportion is given by the square

root of p(l-P)

n-I

Where p is the proportion and n the sample size.

Table 2 gives the resulting confidence limits for each percentage:

TABLE 2 CONFIDENCE LIMITS FOR PERCENTAGES IN TABLE 1

SCORE

5.50 6.00 6.50 7.00
Site 1 4-24% 0-16% 0-11% 0%

Site 2 36-64% 24-52% 15-39% 7-29%

It can be seen that for the quieter site all predictions (and sample

estimates) for percent highly annoyed, however defined, are extremely

hazardous. For the noisy site they are merely hazardous: only in the

case of the 50th percentile criterion does the ratio of highest to

lowest estimate fall below 2 : 1. By comparison the confidence limits

for the medians (5.5 and 3.5) are 4.9 to 6.1 and 2.9 to 6.1, and for

means 5.0 to 6.0 and 3.0 to 4.0.
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It must be concluded that the use of these extreme

categories as the sole descriptors of distributions of noise annoyance

scores is open to very severe criticism.

What are the justifications which Schultz offers for his selection?

He suggests first of all that there is less scatter in extreme .,ise

exposure, but makes no mention of the po.3ible influence of the ceiling

effect on this (since our scales have upper limits it becomes impossible

to maintain the distance between the lowest score and the highest at

high levels). Data available to the author (Griffiths and Delauzun I-"/

op cit) indicate that this statistical artifact does not have an effect

on distributions at levels as high as 80dBA 18hr 1,O, suggesting thit it

is unlikely to be of any significance in most circumstances. Schultz

goes on to suggest that the 50% of the population below the median it

any level of noise exposure have not heard the noise the other 5'-

complained of, and that therefore their removal would increase

correlations between exposure and attitude. Griffiths and Delauzun

(1977, op cit) present data on the first halE of this ;argoment: by use

of a filter question they were able to identify those who did not heir

traffic noise at home at each of their four sites: at 8dh A 11 It , ot

the respondents claimed not to hear the traffic noise while it home .md

yet 50f/ of the remainder of the sample it that lociti,n scored hel .! the

median of 5.6 and did report heiring the noise; 1 7tIdBA 7 of

respondents claimed not to hear the noise and 5', scored below the

median of 4.8 while reporting hearing the noise. The Schulta suggestion

thus fails an empirical test. As to the second point, that o)f improved

correlation if those below the median are excluded from consideration,

this has also received a direct empirical test. Using the data

presented in Griffiths, Langdon and Swan (1980), correlations were run



between attitude and exposure for those scoring above the median at each

level of exposure and those scoring below. The study involved more than

1300 interviews at noise exposures from traffic between 52 and 79 dBA

L eq. The correlation coefficient was higher for the group above the

median than for the total group (r = 0.60, n = 116, compared with r

0.42), but so was the correlation coefficient for the group below

the median (r = 0.59, n = 106). Thus, the Schultz hypothesis is

confirmed as a statistical artifact: if the variance within each sample

is artificially reduced, without reducing the range of noise exposure,

then the correlation is improved.

Finally, we have to consider whether there is any clear evidence

that transportation noise sources can be treated as homogeneous in their

effects. We have already seen that Ohrstrom et al (1980) have shown

that recordings of different transportation sources with similar or

identical LAeq levels are responded to differently by the same groups of

subjects. Fields and Walker (1982) have shown that aircraft and traffic

noise are responded to more unfavourably than train noise of the same

level. The case for treating different noise sources differently seems

therefore to be adequately made out. Ahrlin and Rylander (1979) have

investigated the disturbances suffered by people experiencing high

levels of annoyance from aircraft, tramways, road traffic and trains

and, although they have made no attempt to equalize between these

sources in physical terms, have shown that the patterning of disturbance

(as between speech disturbance, sleep disturbance, and awakening) is

different for the different sources. It is therefore vital that some

measure of annoyance independent of source is used in comparative

research and possibly some nonverbal measure of aversiveness is

developed by Cermak (1979), Fuller and Robinson (1980), Molino et al

(1979) or Vallet et al (1980).



INDIVIDUA. DIFFERENCES AND OTHER PSYCHOLOGICAL FACTORS

Since about the mid-70s there has been a change in emphasis in the

way in which psychological aspects of noise nuisance have been

investigated, away from the multivariate analysis of data gathered to

elucidate the dose/response relationship and towards the specifically

designed field experiment or quasi-experiment.

Griffiths and Delauzun (1977, op cit) investigated the reliability

of their dissatisfaction scale, which they showed to be significant but

only moderate in magnitude. Griffiths et al(19
8
0) replicated this

finding for another sample of sites affected by traffic noise and Hall

and Taylor (1982) extended the replication into a greater variety of

scales, and with the addition of aircraft noise. Griffiths and Delauzun

also showed that reliable personality measures could not be used to

explain individual differences in less reliable annoyance scales.

Griffiths et al (op cit) demonstrated that the reliability of single

element ratings could be improved by repeated measures on the same

respondents, but the combination of repeated measurement and stable

personality measures has not yet so far been tried. Weinstein (1978)

investigated longitudinal effects in dissatisfaction with dormitory

noise in groups of high and low sensitivity students. The

dissatisfaction of sensitive students increased with exposure time. He

also showed a fairly wide range of weak personality relations with

sensitivity. In a later paper (Weinstein 1980) a rather similar

longitudinal study, this time concerned with highway noise, was reported

and gave evidence of the existence of a general characteristic of

'criticality' operating as an intervening variable between noise

exposure and attitude.

The past five years have also seen a reawakening of interest in the
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phenomenon of adaptation. Vallet et al (1978) found that there was

no change in the distribution of annoyance scores over a two-year period

after the opening of a new autoroute. Weinstein (1982) carried out a

sophisticated before-and-after study of a new highway, and concluded

that no adaptation in annoyance took place between 4 months and 16

months after opening. These results are consistent with internal

analyses of earlier data including length of residence statistics, but

there is an apparent and as yet unresolved conflict with the finding of

Langdon and Griffiths (1982) that in the case of both road by-pass

schemes and the erection of noise barriers only before-the-event data

are easily predictable from steady-state databases, while 'after' data

seem to follow different regularities. If these findings are taken

together with the absence of seasonal effects on road traffic annoyance

(Griffiths et al, 1980 op cit), it is possible that further

investigation will confirm the existence of relevant perceptual

constancy phenomena.

In recent years there has also been a new interest on the part of

social psychologists in the effects of urban noise on such social

behaviours as cooperativeness and attentiveness (Jones et al., 1981).

CONCLUS IONS

Steady progress has continued in improving our understanding of

community reaction to road traffic, aircraft and railway noise.

However, other fields, mapped out as long as twenty years ago (industry,

construction, entertainment and rural noise, as well as specific

avation-related areas such as ground-running noise and helicopter

noise), continue to be neglected.

The shift from scientific interest and information concerning

community response to interest and information about individual human
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response is being pursued with insufficient vigour and there are signs

of a retreat in the face of this complexity into dangerously simplistic

models of human response.

It is now becoming clear that the problem of differences in

response to noise from different sources is a complex one, and that the

combination of sound effects is even more so: if it is to be achieved

it will be on the basis of summating human experience and not sound

energy.

While there are very good reasons to persevere with the traditional

response scaling and analysis tools, there is the beginning of a lively

interest in other psychological measurement techniques, together with

improvements in reliability and validity which will enable higher

quality research into individual differences. There are also

indications that response to environmental changes needs particular

attention and that psychological factors like the perceptual constancies

may have practical implications for policy.
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INTEGRATION OF MULTIPLE AIRCRAFT NOISE EXPOSURES OVER TIME BY RESIDENTS

LIVING NEAR U.S. AIR FORCE BASES

Borsky, Paul N.

School of Public Health, Columbia University, U.S.A.

INTRODUCTION

A number of environmental noise indices have been utilized for years

to describe the cumulative noise impact on residential communities.

Based largely on engineering tradition and acoustic instrumental conven-

ience, practically all of these noise indicators assume that time varying

numbers and levels of noise events are iogrithmically integrated. Some

1)2)measures, such as Ldn, CNR and NEF use a day/night penalty of 10:1,

based on the observation that sleep interference during the night is

3)
rated as quite annoying. Recently Ollerhead and others have questioned

the validity of the amount of the day/night penalty, but for lack of

sufficient contrary evidence could offer no more valid substitute noise

descriptor. But even he assumed the simple energy summation of events.

4)
In all of these past 30 years of community noise research, no study

was ever designed to determine just how different people integrated time

varying noise from different sources with different levels, spectra,

durations, numbers of orcurences during different times of the day,

evening and night. When people are asked to rate their noise environments,
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they have little difficulty in selecting a point on a noise or annoyantce

intensity scale. But if asked to explain how they weighted all the time

varying variables in order to arrive at their rating, they are unable to

do so. It was decided, therefore, that an indirect approach was needed

to unravel this very complex noise integration process.

The U.S. Air Force has a very practical need to have an accurate

noise predictor In order to provide healthy on-base and off-base

residential environments. The location of on-base housing facilities and

land acquisition of areas located near Air Base facilities require an

objective and accurate noise predictor to avoid creating noise environ-

ments that are harmful to the health and-welfare of its own personnel and

Its civilian neighbors. In awarding Columbia University a contract

(F-33615-80-C-0527), an opportunity was provided to design a special

study to attempt to unravel just how people unconsciously combine their

time varying noise experiences.

STUDY DESIGN

Tyndall Air Force Base is the repository of operations and acoustics

data for all Air Force bases. The plan was to select a number of different

Air Force bases with a wide range of numbers and types of day/night

operations. With the assistance of Major Jerry Plummer, of Tyndall Air

Force Base, the many types of air bases were separated into different

analytical groups. Noise contour maps (Ldn) were examined to see that

there were population centers located at varying distances from flight

tracts to afford different airplance altitudes and noise levels exposures.

Ten different air bases were tentatively selected from these strata to

represent the diversity of Air Force operations. These selections were

then reviewed by Gary Vest of USAF headquiarters, Jerry Speakman and Dr.



Charles S. Harris of Wright-Patterson AFB and personally visited to be

certain that the data at Tyndall were up to date and accurate.

At each Air Base, five small segments (about 400-600 feet in a

single direction) were purposively selected along flight tracts and at

different distances from the Air Base; three were usually off-base areas

and two were on-base military housing. A listing was made at each

segment and 36 addresses were randomely selected and assigned to 4

interviewers. Each interview required answers to about an hour of

skillfully embedded questions in a traditional manner about many different

neighborhood issues, such as schools, shopping, etc. and many different

noise sources, including aircraft flyovers and ground run-ups.

At each Regment, a Digital Acoustics DA 607P automatic noise recorder

was located for about 10 days to record and print each actual noise event

above a threshold of 65-70 dBA. For each event the recorder tape printed

the maximum dBA, duration down 10 dB, time of maximum, and integrated

Sound Exposure Level (SEL). In addition, the recorder calculated the

integrated hourly noise levels (HNL), and the 24 hour Leq and LdN. By

arranging the tapes from the array of recorders at different locations,

the levels and durations of peak and time of peaks were compared to

separate aircraft events from cars, trucks and other acoustic occurrences.

The responses from the interviews provide a variety of measures of

resident perception, reported activity interferences and annoyance with

each noise source heard. In the analysis, these responses are correlated

with the actual recorded physical noise exposure measures overtime to

indicate how the residents uncousciously responded and integrated their

noise experiences.



RESULTS

Due to unforseen and unavoidable legal and administrative difficult-

ies, three of the Air Force bases originally selected had to be excluded

from the study. In addition the U.S. postal service lost half the

completed interviews of another Air Base, with the result that a total

of 942 usable interviews from seven Air Bases are included In this study

as shown in Table I.

TABLE 1

Numher Completed Interviews Included in Study

Air Base Segment

Total Off Base On Base

1 2 3 4 5

Dover 71 36 3 32 0 0

Mather 158 32 18 36 36 36

George 180 37 36 35 36 36

March 155 11 36 36 36 36

Marana 128 13 32 31 32 0

Carswell 180 36 36 36 27 45

Pope 70 0 0 0 36 34

Total 942 185 161 206 203 187

Even with the unfortunate loss of the three Air Bases, the range in

physical exposures included in the study [s substantial. For average Leq

it was 47-79. For average Ldn, the range was from 47-81. The range for

average HiNL during the day was 46-74; for evening, it was 44-71; and for

night, it was 34-5q.

Day (0700-1900 hours), Evening (1Q00-7200 hours) and Night (2200-

070 hours) were defined in traditional time periods, and these groupings
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were generally confirmed by answers from the survey. About one-third of

the residents said they went to sleep from 2200-2300 hours; another 38%

from 2300-2400 hours. Only 12Z said they usually went to bed before 2200

hours and 157 after 2400 hours.

The representativeness of the aircraft operations during the field

recordings was also verified from reports of Air Force personnel and

residents. Over three-fourths of all residents said that operations

during the past two weeks were about the same as usual; 8% said they were

more and 15% said they were less than usual. A more detailed description

will be included in a future Air Force report.

Time will only permit a very brief summary of the study's finding.

The following ten different cumulative noise measures werecalculated

from the 24 hour, 10 day noise recordings at each Air Base:

1 - Average 24 Ldn

2 - Highest 24 hour Ldn

I - Average 24 hour Leq

4 - Highest 24 hour Leq

5 - Average number flights by dBA peak for day, evening and night

(5 db intervals)

6 - Highest number flights by dBA peak for single day, evening and

night (5 db intervals)

7 - Average highest sound exposure level (SEL) by time of day

8 - Highest single sound exposure level (SEL) by time of day

9 - Average integrated Hourly Noise Level (HNL) by time of day

10 - Highest integrated Hourly Noise Level (HNL) by time of day

Each of these ten physical measures were correlated (Pearson) with

two summary responses of annoyance with aircraft flyovers. The first

measure was an answer to a single question, after a half hour of direct
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questions on possible effects of aircraft flyovers on desired activities

such as communication,'sleep, rest, TV viewing, vibrations and concentra-

tion. The other was the traditional annoyance index based on reported

interference with the above activities and resulting annoyance (scale of

0-9) with each unwanted interference. As In most previous studies, the

correlations with the combined activity iudex of annoyance were higher

than with the single question responses, so only the index scores will be

presented at this time.

The beat predictor of annoyance proved to be a multiple correlation

of the highest number of flights by peak dgA, by day, evening and night

periods. The second best physical predictor, just slightly less effective

was the average number of flights, by peak dBA and time period. Over a

third of total individual variance in annoyance responses is explained by

the combination of number and peak dBA by time of day, compared to only

8% for Ldn and 14. for average Leq. The Pearson correlation coefficients

for the 10 physical measures are presented In table 2. This finding was

also first discovered in a controlled laboratory study conducted by

Columbia University in 
1977.

7)

Samples of residents near JFK Airport, N.Y., were first interviewed

in their homes and their integrated annoyance responses were recorded.

Then, invited to a living room type laboratory, they judged different

numbers and peak levels of overflights that were calculated from operations

reports for their areas as below average, average, peak and above the peak

number operations per hour at JFK. The laboratory judgments of annoyance

with the peak number of operations was closest to the Integrated field

interview responses. This finding wasn't widely discussed because it

involved integration of only half hour noise exposures and was so different

from the expe-ted use of averages in acoustic indexes.



Table 2

Correlations Between Physical Acoustics Descriptors and

Reported Annoyance with Aircraft Flyovers

Coefficient Explained
Variance-

Physical Measure 
R R2

Average Ldn .28 .08

Highest Ldn .28 .08

Average Leq .37 .14

Highest Leq .28 .08

Average number x peak dBA x Day, Evey .57 .32

night

Highest number x peak dBA x Day, Eve,

night .58 .33

Average SEL by Day, Eve, Night .41 .17

Highest SEL by Day, Eve, Night .40 .16

Average HNL by Day, Eve, Night .42 .17

Highest HNL by Day, Eve, Night .45 .21

It might be of interest to examine in a little more detail

the relationships between average Ldn and low, moderate and

high annoyance. The definitions for different degrees of

annoyance are discussed later and were carefully developed by

detailed item analysis in previous studies.

As shown in table J, there is an inconsistent pattern of

relationships between Ldn and highly annoyed respondents.

There is a growth of annoyance with higher Ldn exposures, but

it is irregular. This irregularity can be greatly reduced

if we perform some statistically acceptable refinements in

the data, and if we make certain administrative assumptions.

I am indebted to Dr. Harris of the U.S. Air Force for sugges-

ting these additional analyses. First we must make the admin-

istrative assumption that we are only interested in protecting

the highly annoyed from noise pollution. [his eliminates

from our concern about Q00 of the population at 55 Ldn, 70

at 70 Ldn and over JO3 at the highest exposure included in



this study, 8 5 Ldn. It is hard to be] ieve. that tl he alit ho it -

ies can ignore 50' of' the moderately annoyed who I mnd tri (

unacceptable. Secondly, if' we perform a Io tct ran~t rm-

at ion of the high annoyan ce res pun.-ses , we gct. ait (ivu that

stjil1 varies considerably from -4hujitz .s cuirve '0 at uN,

l1% at 75 Ldn and 5 below 70 Idn. Mit it' we drop the- tlirco

values below Ldn 50 which had ltn(xpect ecilvly r~ i~

annoyedl responses on the a ssumpt ion Liey a rt- u i ot

of line with the rest of the( data, and three oddit ioriail dat a

points with no h igh ly annoyed responsc(', we, -nd tip with lo

data points and a curve that i.- verY closec to hut/

curve. [he advantage is in a simpler predli (I ion tietiiilai h~it

the disadvantages are the assuImptions (lese r i lied above.

Furthermore, our more compl ev nutmber an(d levelI; scme ac( mtt

f or ind iv idualI va r iab iIi ty among atbout 1000 res i (I eft t. , l i i Ie

th e la rr is ana lys is i s ba sed on Ii in mit ed - rou p x'a rji a 1 i I i t

Finall Iy, our equa t ions pred ict. th e f ii 1 1 ran--e o f anii oxanc

res pons es, so a tithor it j es can tiet erm inre htow mitch I prot clt i on

to give to how many people. Our final report will l i sciss

the comparison of Ldn curves ini greater dletail.

As reported in pract ical ly all other commun ity no i Sc tlir-

veys, other personal attitude and experience di fferences; tre

extremely important in pred isposing acceptance or anno ' anel

with identical noise exposuires. Some of the (orrel at i ons.

between selected personal variables and the index of act. i vi t-

ies annoyance responses are shown in tab~le 4.

Fear Of CrashleS is a trad it ionaul index tased On fot stqlald~i

quest ions, dealinp, Withl Planes rfiv too low, .danvel or (Ial~s t.

Relief that airplane opcrat fons are harsuFul it, hewa is a newlhllP

hased on %even Il ret t quest ions Gtive I eadarhes, feel t irt, nervous,

rrfItal1e, Crllse In'rrig difffici tilos, vwi~e othier hiealthi proli enms wotrsen,

andI feel depressed). Realiluess to r'oiplilin inlicat es at person's will jul-

ness to express annovance Fini is 'based (in se\,ent possihle ovvrt ai t . Thiis



TABLE 3

Comparison of Degree of Reported Annoyance and Ldn Level

Average Ldn Per Cent of Reported Annoyance

Resident Total Low Moderate Ligh

45-49 105 75 6 19

50-54 qq 91 1 8

55-59 174 94 7 9

60-64 2?2 68 10 22

65-69 188 72 11 17

70-74 81 64 10 26

75-7q 72 60 15 ?5

80+ 36 17 8 75

TABLE 4

Correlations Between Reported Annoyance and

Selected Personal Variables

Personal Variahles Correlation Explained

Coefficient R Variance R-

Fear of Crashes .69 .47

Harmful Health Effects .63 .40

Readiness to Complain .47 .22

Misfeasance .26 .07

Length of Residence .09 .01

Relatives at Base .05 *

Noise Sensitivity .15 .07

Income .Oq .n1

Ceneral Satisfaction with Neighborhood -.3? .10

• less than 1%.



index "is especially impertant to account for "patriot ii," Air Fir(

feelings that it is not ri ,tt to complain about Air Force operat ions. f,

imputing a low value to this fact or, the findings may be proiected to

civilian type situat ion-s. FeelinRs or misfeasani( , is an index irdicat i)'

that the authorities can do more to reduce the noise and annovarice hut

choose to ignore The well beinv of the residents; and fail to act.

Rv icluding just three of te more import ant personal variables,

fear, health hazard and readiness to complain, In a multiple cirrelat in

eqation with the best fit of phvsical descriptors, hi gb peak rtA lv t ime

period, a multiple correlation coefficient of R=..Rl is achievcd, explain-

ing over two-thirds of all individual variance in annoyance responses.

To reduce the length of the equation, without greatly chanin , its

efficiency, the number of physical categories are collapsed into 0 vrrnups,

and the multiple correlation coefficient is reduced to R=.SP,. Table I

presents the contributiors of each variable to the multiple rePrCssioT

equat ion.

The multiple regresslon equation consists of the constant -,

plus the "P" valie s 'Limes the estimated numher of fl i ghts for eacl, dRP

peak valiue, d,ring each time period, anid tie ext imated intes rllnr for

each personal variable. While the predict ion eq at ion ias ite, w ic'

is not as simple to use as a single phvsital index, It klrarlv is ror

related to human annooyante and can he (e fenlod as more val id

Thre annoyance index values range froirn - 9!t . Fromm pr( v'roli s i e s '-

a score of 0-15 indi(Ates litle or rio annovan(e wl i, is ceo,,rallc

acceptable to over 05'. of all persons; a sorc of 1(,-") indica:es r-lud rat,

annoyance which is acceptable to abort 1ialf of all residents. s I"

score of " )4 ir1ndicates hrr'h annorace wi l is cr opt al I r less

IWr



TABLE 5

Multiple Correlation Between Annoyance With Airplane Noise and
Physical Exposure and Selected Personal Variables

Variable Multiple R R
2  

"B" Values

1. Hi Peak Day (70-84.9 dRA) .037 .001 .012371(1

2. Hi Peak Day (85-q9.9 dBA) .404 .163 .1693247

3. Hi Peak Ra" (100+ dRA) .406 .165 -.0850)909

4. Hi Peak Eve (70-84.Q dBA) .409 .167 .05027401

9. Hi Peak Eve (Ps-Qq.q dRA) .443 .196 .1189223

6. HI Peak Eve (100+dBA) .511 .262 1.109613

7. Hi Peak Night (70-84.q dBA) .512 .2r,2 -.02526349

8. Hi Peak Night (8S-OQ9. dBA) .513 .263 -.03909553

Q. Hi Peak Night (100+) .528 .278 1.089OR

10. Fear of crashes .759 .576 .7403qlT,

11. Harmful Health Effects .7q] .626 1.4127Q7

17. Complaint Readinjess .800 .639 .1500709

10 , of all such exposed persons. The above new predictiou) equitio, wI'll

perlit planners atid adeministrators to mure ac uratelv predict cu,,uO it

response to estimated noise exposures. By irsert iiq4 low, molerate , ui

high values for the personal factors, a ran,;e of predictiois a:,,'i vdlu

can be calculated. Fiture parallel studies of civilian airports sl,otld

test tle usefulness of this prediction equation ror more ,e 1 i

civiliall use.
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HUMAN RESPONSE TO AIRCRAFr ANT) OTHER NOISE EVENTS

Stephens, David G. and Powell, Clemans A.

NASA Langley Research Center, Hampton, Virginia, ISA

INTRODUCTION

Considerable progress has been made during the last 5

years in evaluating and developing various noise metrics for

quantifying discrete noise events. Stimulated by both

national and international certification issues, aircraft

noise in particular has been the subject of considerable

research. This paper describes recent research studies spon-

sored by the NASA to improve the quantification of noise

events. Results of both laboratory and field studies are

discussed which relate to community and passenger response to

aircraft noise and the human detectability of the relatively

low frequency noise associated with wind turbine generators.

RESULTS

Propeller Aircraft Metrics

Increasing interest in propeller airplanes for business,

commuter and energy-efficient long-haul operations has raised

questions about the performance of various noise metrics for



quantifying the annoyance of propeller aircraft relative to

turbofan (jet) powered aircraft. Two experiments are report-

ed in Reference 1. The first examined the subjective re-

sponse to propeller airplanes with maKimum takeoff weights

greater than or equal to 5700 kg and the second examined air-

planes with weights equal to or less than 5700 kg. Figure I

illustrates results for the two weight classes in terms of

the effective perceived noise level (EPNTL) (metric used in

the noise certification of jet aircraft). Laboratory test

subjects rated the annoyance of the heavy propeller aircraft

HEAVY PROPELLER LIGHT PROPELLER
AIRPLANES AIRPLANES

110

o PROP o PROP-
IMo o JET c JET ---

SUBJECTIVE 90 Du

NOISE

LEVEL, dB

70 /6 0.oo

60 70 80 90 100 60 70 80 90 100

EPN, dB EPNL, dB

Fig. 1. Quantification of propeller and jet airplane

virtually the same as the annoyance of the jet aircraft.

However, for equal values of FPNL, the liqht propeller air-

craft were judged to he about 4 dR less annoyinq than the et

aircraft. This difference between the propeller anl jet air-

craft noise was found to be even ,Ireater (6 dR) when the

noise was quantified in terms of A-weiqhted sound level (1,0.

Iw,



Helicopter Metrics

An evaluation of current noise metrics for quantifying

the annoyance of helicopters is reported in Reference 2.

Subjects judged the annoyance of 89 helicopter recordings and

30 conventional takeoff an,' landing (CTOL) aircraft. Results

are summarized in Figure 2 in terms of five common metrics:

the A-weighted level, LA; the D-weighted level, LD- the per-

ceived noise level, PNL. and PNL with tone corrections, PNLT,

and impulse corrections, PNLTI. The predictive ability of

each metric is described in terms of the standard deviation

HELl PEAK HELl DUR. CIOL PEAK CTOL DUR.
LEVEL CORRECTED LEVEL CORRECTED

STANDARD DEVIATION IN PREDICTION ERROR. dB30

2. 5

2.0

1.5

I. 0

.5 NC,,I

0 LA ED PNL PNLT PNLTI
NOISE METRICS

Fig. 2 - Quantification of helicopter and jet airplane noise.

in prediction error of subjective response for each vehicle

class. The major findings were that EPNL (PNLT with duration

correction) predicted annoyance as well as or better than

other metrics and that impulse corrections provided no im-

provement. Although not shown on the fiqure, the helicopter



noises were found to be slightly less annoying than the CT,[,

noises at the same EPNL level (the equivalent of 4 -IR 1lss).

Aircraft Interior Noise Metrics

In addition to community noise effects, interest in pro-

peller and rotary wing aircraft has raised questions concern-

ing passenger acceptability criteria. Of particular interest

are methods for describing the cabin noise when strong tonal

components are present and secondly for describinq the inter-

active effects of noise and vibration on passenger accept-

ance. These two issues are examined arid reported in Refer-

ences 3 and 4. To examine the quantification of tonelhounla-

ry layer noise combinations, tones ranging in frequency from

80-315 Hz were combined with boundary layer spectra anl ratel

by test subjects in an anechoic chamber. The annoyance was

determined as a function of noise level for both the hounlary

layer noise and the tone/noise combinations. The differenc-es

in noise level required for the different stimuli to prodluce

the same annoyance were determined for a variety of noise

metrics. From these differences "tone penalties" were deter-

mined for each tone-noise combination. Tone penalties are

shown in Figure 3 as a function of the tone/noise ratio for

two metrics commonly used to describe aircraft interior

noise, LA and SIL. For the example chosen, the tone penalty

(error) in terms of LA is seen to be quite small whereas the

penalty in terms of SIL becomes relatively large for the

higher values of tone/noise ratio. As pointed out in the

paper, the magnitude of the tone penalties is dependent upon

the shape of the boundary layer noise spectrum.

(.1.
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Fig. 3 - Quantification of propeller aircraft interior noise.

The interior environment of vehicles such as helicopters

is affected by relatively high levels of vibration in addi-

tion to the noise. Models for describing and/or assessing

human response to combined noise and vibration environments

have been under development for several years and were re-

cently evaluated for helicopter environments in a study

involving the response of pilots to a wide range of noise/

vibration combinations presented in a laboratory simulator

(Reference 4). The tradeoff of noise and vibration is shown

in Figure 4 in terms of values of LA and vertical accelera-

tion grms that produce constant values of comfort. As can

be seen, the influence of vibration on human comfort is high-

ly dependent upon the noise level7 the influence beinq small

at high levels of noise and more pronounced at the lower
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Fig. 4 - Noise and vibration tradeoff for helicopter stimuli.

levels. A mathematical model for predicting the discomfort

of combined noise and vibration is described in Reference 4

and the results have recently been incorporated into a ride

quality meter which is undergoing checkout at the present

time.

Community Noise Effects

The studies discussed in the previous sections as well

as most studies involving close control of the acoustical

stimuli have been conducted in a laboratory setting. A new

methodology which in effect combines techniques used in the

laboratory with those used in conventional community surveys

is described in Reference 5. The approach involves simulta-

neously recording the noise of individual noise events along

with the response of community residents within their homes.

The technique is felt to have advantages over laboratory

jW4,



studies for determining the influence of factors where context

may be important such as time-of-day effects, and aircraft

type differences. The relationship between out-of-doors air-

craft peak noise level (LA) and the response to individual

flyovers is summarized in Figure 5. The linear regression

line which best fits the 1164 individual ratings of the fly-

overs as well as the means of the responses in each noise

8 r ( AVERAGE RATING IN
EIGHT NOISE GROUPS

REGRESSION LINE (1164 RATINGS1

6 -------- 95% CONFIDENCE
INTERVAL FOR /

GREGRESSION LINE/

4-

ANNOYANCE , .. -

50 60 10 80 90 100 110

AIRCRAFT PEAK NOISE LEVEL, dB(A'

Fig. 5 - Resident annoyance response to aircraft noise events.

group are presented. The precision of the fiell technique as

illustrated by the breadth of the confidence interval is con-

pared in detail with laboratory precision in Reference 5. It

is interesting to stratify the data making up the ,lose-

response relationship of Figure 5 by aircraft type, ambient

noise level and time of day as presented in Fiiuros 6(a)

through 6(c).
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Fig. 6(a) - Type of aircraft.

In Figure 6(a), the annoyance of the propeller aircraft

is seen to be less than the jet aircraft which is consistent

with the laboratory findings previously discussed in Fig-

ure 1. The effects of ambient noise are shown in Figure 6(b)

where reduced aircraft noise annoyance is seen in high ambi-

ent noise environments which is consistent with several air-

craft noise rating laboratory experiments, References 6 and 7

for example. The dependence of annoyance on ambient noise

level is often cited as a justification for utilizinq a day-

night weighting scheme.

The study design (Reference 5) made it possible to con-

trol for ambient noise level and study time-of-day effects

directly. That is, noise rating sessions were equally diviled

between three time periods; morninq, afternoon, and eveninq.

The results by time period are presented in Fiqure 6(c).
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F'ig. 6(c) - Time of dIay.

F 'f feect of medjat ing variahi es of annoy'ance.

Altho-ugh it was not establishedl to) he statist~irally silnifi-

cant, the graph of the react ions at ii Ffererit tines; o lay

suggest that events occurring in the eveni ncq are mo-re ir);,,v-

ng (an equ iva lent of 10 -]B) than oorn i u and /o-r a fterncnon



Although the results of this particular study were ioss

precise than desired, the use of field-laboratory stuld~s

shows promise particularly for cases where psychologir-ac,

attitudinal and other nonacoustical factors (time of lay, for

example) play an important role.

Impulsive-Noise Detectability

As part of NASA's energy research, several 1,irm wini

powered generators have been instal led throuqhouit the c-cnt ry

to examine performance anIl other operat inq charaoterist -s

including the noise and any noise induced huili no vihrat i "s

resulting From the operation of such machines. Severl]

research studies have been conducted to stily the human

response to the low frequency impulsive type o.ise (hia le-

tower/wake interaction) generated by certain cofiarat

and a guide has been prepared to aid in the lesioin ani sin

of such machines for community acceptability, (Referenco Q5-

The guide suggests that, as a goal, the noise anl kir°

he below the human perception threshold of noiso (Fijoure 7)

and vibration (Figure 8). The establishment af thse Thmcst-

olds is based upon subjective tests and data analyses ie-

scribed in Reference 8. In practice, it is svnoostel thbit

the narrowband and the one-thirI octave ban l spectra of the

noise be compared to Figures 7 and 8. If the levels of the

noise are above the threshold values (which is lepenlent upon

the ambient level) estimates of the community response may be

determined (depending upon the level abovo thresholdl) from

the ISO Standard for Community Response to Noise.
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NOT ANNOYING AT ALT. 0' 1 .' 'I 4 1 f 7 '( t*XTRI:MEl. Y ANNOY INK:

A 3 Would you s-ay youl would hC lve r' Tuijcjiineyf-'i( i-ir t by: 1h, r. n
heard it all I t its' in your owii I i'.itna ree(l" in: ti- V.;)I

Y(. ................. .. ...............

Jl-'
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Figure 1shows the results obtair;vd ),y Lyn bIy : cr rt<sprt.s Sto
question Al. I .Ot sets of norma-lis at inr. dajta w<r. eotrd fret:~ 'h. 4
subjects who also participated in: studies fhn . W~iIu le'!r r'<

jabsolute subjective scale value (i'fy) difrertences betwee th -to, d,
the relative patterns are not sigjnificantly o- forent li I r rn;: f.-
were obtained for quest ions A.' and by the ntlier -, 'I. b'pc h
Al and A2 are shown in Figure 2', where tho. Io o '"lr .r: c
distinctly more s igni ficant tor the home pro3 ect 100 on'' /': t,
interaction represents the different rites o! growth of !,' i.,'.
two noises, the relativ.e magnitudes of which di! !er cli.1. 1- w4 .-n
as shown in Figure 3. The L-est total yxuoled eotiit~e ,f !. I~t j

judged annoyance of gunifi to and traffic nsk iise...... 1 r'
the interaction is approaching sigjni ficance.

STUDY B

Each team participatingi in this study used t

isolation. Tw\o of the noises were common, synthet
series of traffic recordings (T2) made at tcut IP r

busy highway in order to maintain ch~araictertha

free to choose the rem)ainingj two noi-ses ni t: i W
life miIitcary and civil1 itrin,; tan , s it:iu 'I s:c

tion impulsive (C, P) noises 1eir g I.,

No significant differences were~ !-u.d .

annoyance of sounds commoon to ee'n t-iar " d
Figure 5, where it may be seer: trhat' ,I '. nd 1' ,
annoying than traffic noise, withG C
This infers that all impulse nr-ir orct i- i
the character di fference s obv i uslv "
however, impulse noise is sgrte'I -r

the results in Figure e, resemlinq -Ir .u v oi' y
changing character of thre T' . tra' tr Iob,

itsel f in a markedly d if ferent .11'
duced by the TI noise, whose 1

PERCENTILE RFSPnNSFS

TIhe percenitage o! rerspor-~nit It 0 0 1 'I-
varies considerably dependlinrg upon t et w ip, i: l-
For example , the dIirect que~st inn A 3( "I:I -- rI
than does a retrospective calibraft wn n0 ir''lr''r'il 'V i

in formation was obtained by aokiron i jes't', it I
listening sessions, to) indic te irn iw'

)scale they felt they wn iii I e '

l7oting ' j tbi irrdj':vidua 1 reospotrsp to, ;a.
oiependirnn irxen whether the- do ,cipr i 1 t

to or greater than) th !.P l'' t ruo-,J c i'-', ""1
H to ito obtaiined.

Al though the 'rn fite- trato,
it may be seer[, t~hat the cbo'Sosl ro-'x 2 ", 1 0':

dIat a advo'a t od b)y 'Cr ! '2 I Irt
t nmer icalI su t rac tlrn r IN h, d .',.* I:> i'

calI i bra t iorn alprtoei
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s t'.rdi~vs w..s ir!: t'ijs'

:-Ces5ary dl'

ic rit-r ar 1,7_ - 1 i
oct iort s t t v y

* nri:. toiI

'Ja p 1ri di,(g bya; .

F &Irures 'l :n ', r,::1.1

5.C ''be I tl *~y 1 . .. A

I2 ai "I -hs o t u t s, )me IW

Se oF d t i t a'& i irst ai : '..s i',

ir1tter~tctior oi tairreti il> .t cciii. st

10 1lustrates tis ;oint --Idl«d .

it; Figrure 11 ; tidat I; B5 ar 't1 7 'yR

A Ifill11S to 15 di;,. Fcwe.e r , i 
t  ' r1  r

~ror- all the studies are inclu'sled, ti- j1', tic,:1s !
lo~wer noise levels andr the dos-re spu:''st''Ii r-11

ive rger t . Thle irrpcio n,,Jois rr is i' err 'e - 13 t

raximor; v~alue of about l b.

At t.rie cornu;only oce-ur rrir 9 u:ldoor cn-rTj ? t010 1 ' ' I
7 B-Aeq' t-he impul se- noise '-rr" Isor.. :!!Ai reeder IW: : ,

than [S de . At letiel s' irijier than 70 'lb t1.ic' j ! 1l *ti 5 '' 1

! eon cer tain. Tire tile recor-,rer.Li lat i Cf a 1 r iF , ,-u;I,5''' .,qot '
c:orrectioi of S JB io rot that conre roriL! FI' ''t- r r

tie whole story.

T DY

The importance ol replication war; Inivesit it ,,d -y'-, In,
24 rat-her than 16 sihjects were used wrc rer lie itth ir i,
one subsequent ccasinr No signif icant offl' ct ) re;p ic it ic)r. , i.
aid as ilready inferred in the discussioni of rol/U A, t,
interaction was only significant for guestii A.. A srii Ii r I 1;rr
f ollIowed f or study R, wh ere aga i r n e ff!e ct f r, I li cat imrt w, s rar

no ise ' level interaction effects were also ,ir s, ii i c, iatI.

lation coefficient of the- test-retest SV scor,,' t)f quL-t ii 't-

over quest ions Al-A2 arid Studlies A-P was sotn.H. Htence , it
the variance may he de to uncertainity in subjects-'reorts

Thie only trends noticeable from the2 results (,t ti- .rc i i w, or' tit

sutbjects appeared to make s;l1ightlIy wi tier unse A! thre sill Jct a'!, IA'tr. ir.

dir] those from othe r teams. Furtierr'cr,, tnt' ijgI r cif l on t enlde i
lieirghten this effect, maiking t-he re ire soion F invt-;ior~~ s te tiler

differential effects of the nois's with respect to, each ot" Frw'1 i;1t

noticeably dii fert'nt from tertosultnstsbtsiri.' Fry ri:' 'I - nr t t r
No particular benefit couldl he attrif'ste'i to, th'- is', -f .'Ir .itfrin 1; Thin
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.UDY C

In real lilt', s,.,n'ts are s. I
s ide r ed v italI thailt svii o 70rI0c i, 'If: V,' 1- 101
respond to cominst IONS Of inpu111 eC ar"I tr.:C
tire (Gi) noise w !s presenrte d in co~!Ii 'i-t 1"T wit;1 th
low (35 L Aq) t r .ff1i c Lackg rounr:d (T" ra,)i se "h' ft Ii

eiSther be helId co~s tant over tie who)> 'A ic l Of 'g w' IO
live minute guot ire! le-vels. We-re et, e> ~' I
time the impulise' nci e l-vel wa:,s variu d. S ts' i:.,
approach; ISVP and Lynghy the( vir ii 'I Ai- f;0-h I-., s '3'1 1 .

was found be tween thea" app-roaich' -,, il ti 009ql t! oit

seritation is marginally preferred.

The study was sub-divide-d in to 'Once, parft, ((7 , C at: C
difference being in tie( questions ask-ed of 0'e - 1i sul 2' ts% Ii. :- '7 C
subjects were asked toj judge ', 'z' nr'f oily (-'i II 'c.

noise only (Qn. C 3.2) and in C3, 1 : " . z
(Qns. C3.1-3) . The reason for these, d'i fferei':e -a- fs- f'

role of rue fol lowing reations in the f or'mulation, of (---j
relationships.

C3.1 Hlow annoying would you find tr. jnoise you tavu', 'ust -r

you heard it all tie time, i- yur own1 livinsj room isnh c-ei:

NOT AT ALL, ANNIOYING r; 1 2 3 4 0, 0 I) EXTREMELY ANNOY 2 NC

(' 3.2 .How annoying would you find. th.e;-. noise you have 1ci hia 1,i

you heard it ;A,] the, time in yur own, 1 ivi ig room in the ee.lg

NOT AT ALL ANNOYING 0 1 2 1 4 5,7 8 EXTPEMELY ANNJOYING,-

r'3. 3 flow annoying wouldi youi find the noc':~ci se you have jpast her)
you heard] it all the time in your own li vimng coor ii thei-e. o

NIOT AT ALL ANNO~cYING( ( 1 2 1 4 7 P EI XTI-IMI-LY AtIToCY I NC

Thiere is no itoubt that lot !;ourds heard in comb in it i n tie ainnoyainie,
responses are, con foundedi by tie way inr wh icih the clues t ion i- aske'd as Wi !
as by the relat ive levels at th-, noi sea in guest inn. In Ft ;idy (' in the
low b~ackground situation, Figuire 12' shows tha.,t"' '-' 01'

annoyance is surprisingly grea-,ter thian 4 : annoyance, wher-eas in I bil'.
background Pa',Z annoylit co aippes rs in F igure I 1 to be ti' subjective Iy
perceived sum of the, separate source contr ibut ions. Furthermore- t, tP
annoyance dcs not aippear to, carte late uniq ue ly with tota l :Aeg' whicTh
means that backgrouind noise level ne eds to be spec2i fied as a Separate
parameter. This result , also confirmed 1,7 the resul ts of studies ('I aniI
is demonstrated in Figures 14 and 1,. :0''.r , -'y .'I-', annoyance to

impulse noise is oi flier ti ihteneri or de-ptesed, depe-ndjinq uipon whether it
s heard in a law or higlh bac-kgrnunrt, and this vfitect is Ci-larly' demon-

.t-rated in Figure 1 (.

If subjects are, asked to rate only 'v W ituuty ('I) or ":. ' - lyI,

172') annoyance , the rt. I1at 1 onstUi-s shown i n Yi gjut.' I _'are oit a ii l. fetr"i
May be seen tha t ft'' is no di ft I r-n. etwen 1,;' "1 1'S .. t nIi;

InloyanQC in1 th- low ? ack-;round -; tulat ion where. tih- imf a) c- iii> I--n1 r ; it

aiui sub1jcts' don not ha','- tc. answer cont e: ingt '-i rsi:'tn-3
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in the high background are relatively similar to those obtained in Study

C3 (see Figure 1'), although the shape of the dose-responSe relationships

is different. r,-crofYO annoyance to impulse noise was also shown

to be more annoying when heard in low backgrounds rather than high, a

finding that is consistently obtained regardless of how the question was

asked.

STUDY E

This study was designed and carried out by TNO in order to investigate
the effects which certain interactions had or. judgements of combinations of
noises. The following aspects were studied: "rotznotior (source-
specific or total annoyance); a rood'io cc (35 and 55 dB, LAeq

o i z to ratz r ,o t (-15 to +25 dB) and 3-'anal t24re (traffic, gunfire
and construction noise). Four separate groups of 16 subjects heard each
of the signal types in either a low or high background of traffic noise.
Any one group of subjects only used one instruction and listened to the
signal types in the presence of only one background noise condition.
Subject groups were therefore confounded by some of the aspects studied.

While the results in Figure 15 seem to confirm that total annoyance
is not uniquely correlated with total 'Aeq, they also demonstrate a ranac
,cffect. This effect is particularly noticeable in the results shown in

Figures 18 and 19, where each group of subjects appears to have used the

response scales in a similar fashion. That is, they fitted subjective
scale values to the noise sets using the numbers in a relative rather than
an absolute sense. It may be fortuitous therefore that the results in
Figures 15 and 18 show the same effects as the DUsseldorf, ISVR and Lynghy
data in Figures 14 and 16, respectively. Certainly the results of Figure
19 conflict with those of Study C. It is unlikely that total annoyance in

a low background is always higher than that manifested by the same noises
heard in a high background. This study clearly highlights once more the
influences which both experimental design and the different ways in which
annoyance response data may be elicited, can have on the interpretation of

human response data.

INTERPRETATION OF COMBINED NOISE DATA

The results of Studies C and E should seriously call into doubt the
ways in which annoyance response data are obtained. Particularly import-
ant is the difference between a repeated measures laboratory experiment

(Study C), which represents a dynamic situation in which subjects listen
to all conditions and accumulate wide experience, and the single exposure
experience or static situation encountered in social surveys. Study E was
intermediate of these two extremes, and stresses the added care which
researchers need to take when designing and interpreting the results of
social surveys and laboratory studies.

However, despite these caut" nary statements, certain facts clearly
emerge from the studies describe here. Impulse noises heard in isolation
require a level dependent correction of the order 5-10 dB over the outdoor

range of 35-56 dB LAeq in order to take account of the increased annoyance
likely to be elicited.

For noises heard in combination, the position is not so straightfor-
ward. Although impulse noise is more annoying in a low than a high back-

ground of traffic noise, rtzl annoyance of the combined situation is
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I'l, I- IuIi it i on at r isk w-is (1,: i I)I d is 1 (-1)e 1 -, W i ITI it me)II it lI .]

11 dayvs a week w-hen t hI-k i m~mIo st. no so, elr. i*; iii op,-t.itii-i, ind
who, are 18 years Ii - older"

- i ,-ode 1,ook for fill -onmon 'oding ift he si) ii I v-. di oWi'
des-el ope.

- compiuteor pro riuuirles were deive I pod to enll Ire t i-.o I 1(11t-.im 1 jr-c-s

its da t a in I ho same wa v.
A p rol Iekim o-i-uired he-re itns, t hat ,I, hl t ears had~ di ft.-rett ipl
Oi II i 1)i11ell t Fao Ii c imil1 t or Ilie S i t- s n pl i r s ti , ' h, I .I r-id i

tap )e . But it is , ot soerely va ma t tetr o f t)I-I-mriltllat i nl to t h tt r rls

what pa ramtters to usec. I he problem-r is that a or t a i n pai raie t e-r~s miv lik
anot her mean intg for one ompiit or t han for ta-i other . - i t i i ma i t or
searching aIfte r thle Fieati nt' a pairaimour- his in tit- vi r io y ,st -ms .

Work inFg itoget her t Io ver-omse t ic d diIffi tIi r i us en-onr tirti i n t hi jn t
st udy -whicoh proved to he many and some t i me s rat her ha s i (to thle
siiccesfl I comtpletion of a project Where man-, ex 1 t r ts are. i ns-oI-ved lI
with their own aIttitu~des, hait s rout i nes and preferenues - miike- thii
study unique in that the sa-me studyv wa ; in faclt t-arried out in di t furent
coiin tr i cs i nt Lead o f fouIir skpalr a t c- s tuld ieIs on a sin!I I ar t Ipc

SURVEY

Ihli f ielId work of thle socj; il survey wa s c arr ied out be tween) Seiptemler
1'8 2 .ind Apiril 1 98 3. I ntt ach ,ount ry abhout 400 peoplIe we re ques t i oned,
idd iin, tiop t o a t otAlI oft 162 7 responiden ts .

I . Il u i 1111.i re s-hi. -II tok ahout 10) minutes, consi st s in) broad out I i ne
orIp IIrt

t Ileit t In ole and t i, o-ii.- i r olimetit ini gene ral
I0 1-i, I, sC i 1 ACIlk' ri I

i I, I't ie ift i C 1iis -. lr .5S we Are itnterest ed in (impil se aInd

I~~~~~~~~~~~~ I tIi ~lsc l Owi gsx, e cai on , nutmber oft peopl

i t to- heliise-lild and -;i, ;-- I i ke i tems are dealt with.
lit 1 disgn it11 tI Ie S t HIl it thIis l),-ii t aken ca re o f t ha t t wo no ise sources
Are - imln toit I t torl

I ni t. fir m shoot Iiig rilipes
t- tif Ii loIi -t as tI i d'iminat itsg aspect of tile Iakgrotnd noise.

t*heIvse t wo -Iul'iucn sue- i~t, as1 it were, as tie u"ittliors" against Whichl
ti ". I-valuat t1 o- thier sore, s which are sirapyards, dockyards and iotlier

mect i IW- i rK ing iidiis t r ie i-s ida iit, at ho i I ding site antd a shunt i ng 'card.

Alttor the iltt oryIiew hil li.ii comtpl eted a 1n1oise monttor ing cailpA i gn was

conociite oilit i-li I.si to oVI'r several divs.
Iwo t vp Iut I it it ic Ii i St i oi1 weIre pe rfoirmed

VI r st : 1,1 i - m!nont tI ring it ctie it-eal referettee pOitr. ~Hi pulrpiist of thiese
Moiu,.t meiit s wais t o cilitrict- t he tlt pat tecrn anid t he vI-art i on ofI the
l evelI s of thle imI)IlIS se niSe Slnrie liver thlree 24-lloir periods: duiring thle
f irs t tper i )d biy tie acqui si tion if -series of A-weighted eqiuivatlent lise

evels oive r oie m11init and iduring tile second and thlird per ioud by thle

.icui is ition every hour of 1.iXeq 1 1
1 At 1.AV' ?-A III 1-A901 "A0qo1 l"A9 5 I- 1 19i

Second: biy mak ing si imul traueols arialog reciirid ings diir ing the f i I st perIFi od
hot Ii at the Areai Reference Puoint ,t hie Zone Reference Piint iand tile Punc-

Seciindary Pit t.



Thie aim of thte reCord ing at thte Area Re ference Poi nt ,wh I i i s t hie
measuring point of the most exposed zone in the area, is to ensure aI ross
check and to record informa tion about thle natuiire of the impulse noise
sour1ce as WellI as abont the character of the backgrounid noise. The
recordings at the Zone Reference Points (defined as the measuiring points,
representative for the zones in quest ion) are carried out to estabihiish
the reliationship between the zones wi th respect to the impulse noi se. The
recordings at the Zone Secondary Points are intended as A chec'(k of thie
homogeneity of each zone.
At thle moment noise measurements have not yet been romple ted. lThis is dule
to the bad weather encountered last winter and early sprin, which hive
made it i mposs ibhie most of the time to carry out thle noise mea sourement s
within the meteorological boundaries requested.
'This of course means that we are not able to present thme finial resuilts at
this moment.
It will be clear that from the noise data many noi so measures rotn he
derived. For this paper we will confine ourselves to aI simple measure:
the equivalent noise level over the time in which the imipuilso noi s ouc

is in operation. That means regular working hours,, for that plirt iculafr
source.

Now some .4t th 0 prel iioi-V re-sults Will Ie W es i~1t J

DOSE-RESPONSE REL ATIONS

Traffic Noise IMpulse Noi se
S S V SS V

7 France
---- Gerrnary

6 Ir-eLand
-The Netherlands

4

2

3S4055 55 60615 70 75 35 45 50 55 60 6)7
LAeq Aeq

In this figure the regression equait is her t rafi - li se iand lti mpiil

nioise are iresenteid togethier. Oin thn hor izonutail aXis tie rho I i I r-t no S

level in dB(A) is presentedl, mud on the ycrin lI iixis theii simmt mi-pImlnt

annilyanme stal tIcsed in tie I ihoritory stud ies I SSV -Suihitcti vi S,'-Ice



ValIue) Ill 'Ih e resut Ls about t le iilpil se no ise flit ill bIlelut i ulIV with)

each othler. As far as t raff ic no ise i s concerned theic Frenc-h rcsui Its sem

to be deviant, and Itirther analysis will be necessary to fin out what

causes ti is devi anc v

In figure 2 the pooled dat a are shown. From about 45 dBh on thle impulse

no ise appears to be mlore annloy jog tihan traffic noise. Moreover, as the

regression lines are not parAlle 011 oeMight he ill meICd to) infer thatL the

differenc-e in annoyaince is level dependant , aind is so julst the other waiy

around as found in the tlboratory stutdies [ 11 the higher the noise level,

the greater the difference. Ibhis is an interesting observat ion and it seemis

wlort bwt e to dig sonewhait dee1pe r.

DOSE-RESPONSE RELATIONS

ssv Pooled Data
7- Impulse Noise

6 --- Traf fic Noise
6......... Overall Noise

5-

2--

0- 35 40 45 50 55 60 65 70 75
LAeq

The approach tip to now is a rather crude appr-oachi. U'sing the regression

lines comparisons are made across people, and not within people. p'eople

who are exposed to, for instance, 65 dlt(A) front an impulse noise source



are not necessarily the same people who are exposed t at r.t i, n,'i

level of 65 dB(A). In this case we have the opportuni t t,, ,,' ,, . 'i Lit)

people to see how they rate the annoyance caused by impil I, . i i ill"!

the annoyance caused by the background noi se, in ,(ir ti-,. I it, ] .

This provides us with a more sophist icated to,) t', o , ' , ,

with the aim to establish the size of the penilty - it i . - i

noise compared with more continuous noise.

For the same person differences in I.Aeq were r( ntd I,, d il or, 0., in

annoyance scores.

The cutting point of the emerging regression lIine With th,. - .ix , i ,'.

This differs significintly from the -5 of the IS) R1q49 (' 1471 1 1.1

The regression lines for each country on its otwn .h+w i rvme:n Ollv vI ,-I

resemblance for the German, Irish and )ut,h datn, whi It, t I ri.n, h i Iit

are deviating as figure 3 shows. This wiH I , do, ' H, o t 1 ii, i

data presented earlier (figure 1). The good resemblance, of the Gern),i,

Irish and Dutch data could even point to a greater impulse correct ion than

the -8,9 from the pooled data.

DIFFERENCES IMPULSE-TRAFFIC ANNOVAN)> WITH LAeq3
Q
ZC

D a: 2

- 0

-FRANCE C1 - 4
Z-2 -- CLRMANY -'16

IRELAND Ci-11i
Z -THE NETHERLANDS C

i 1 i 2

z

-25 -20 -15 -10 -5 0 S 10
LAeq DIFFERENCE IMPULSE - BAtKGPOUNU

II1 7=3



Now we come to the question of level dependency.

Sites with relatively high background noise levels were seperated from

those with relatively low background noise levels. No significant

difference was found: the level dependency, demonstrated in the laboratory

experiments, can not be confirmed from these field data, though a

tendency can be shown.

Another interesting topic is to see how the annoyance caused by the total

noise situation relates to the annoyance caused by the impulse noise and

traffic noise.

Is the overall annoyance, as an attitudinal concept, formed on the basis

of an additive model after the approach of Rokeach, Fishbein [e.g. 3] and

others, or does the averaging process of the classical attitude theories

[e.g. 4] play a part?

LOW BACKGROUND HIGH BACKGROUND

40<LAeq ..< 50 (n=289) 62 LAeq 72 (n=292)

SSV
8- - Impulse
7 Traffic

Overall

6

5

4-

3 -

2

0 3'5 4'0 4'5 55560657'0 40 45 55606 570 75
LAeq, impulse LAeq. impulse

Zones were selected with a low and with a high background noise. Iipulse,

traffic and overall annoyance within the same individuls were plotted



against the equivalent noise level of the impulse noise (see fig. 4 ).

The left side of the figure shows the low background noise condition. The

overall annoyance fairly well follows the impulse noise annoyance, which

is the psychologically dominant one in this situation, though the noise

range incidentally is about the same for impulse and traffic noise.

The right part of the figure shows that the overall annoyine very lc- lv

follows the psychologically dominant noise, which is traffic nois e up to

about 58 dB(A) and impulse noise above that level. As the average

background noise level in this condition is about 67 dB(A), again the

impulse correction of about 9 dB is found. Looking at the impulse noise

curves, again the tendency is seen for impulse noise to be more annoying

in the low background condition.

From the observation that the overall annoyance very closely follows the

annoyance caused by the psychologically dominant noise neither the additive

nor the averaging models can be supported.

CONCLUS IONS

To conclude with we can state:

First: the 5 dB penalty for impulse noise as recommended by the ISO seems a

little bit to conservative looking at both the results from the laboratory

studies presented by Rice [I] and the results from the field study, though

one has to be careful because not all data are available yet, so this is a

preliminary conclusion.

Second: though one has to be careful - at this point - to subscribe the

findings of the laboratory study about the level dependency, together with

the findings of how the overall annoyance relates to the psychologically

dominant noise on a site, the importance of the role oft the background

noise in studying noise annoyance in a field survey is beyond doubt.
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COMPARISON OF NOISINESS FUNCTIONS FROM DIFFERENT NOISE SOURCES

METHODOLOGICAL PROBLEMS AND SUBSTANTIVE RESULTS

Bernd R o h r m a n n

University of Mannheim, SFB 24, Federal Republic of Germany

I:.INTRODUCTION.

Environmental noise sources like road traffic, aircrafts, railway lines,

factories, construction sites etc. seem to be differently 'noisy' and

annoying for exposed residents. But what is the magnitude of such dif-

ferences? For a quantification two perspectives are possible:

(1) How large is the difference in annoyance in case of equal noise

exposure?

(2) How large is the difference in noise exposure which causes equal

annoyance?

The first question reflects the social-scientific view. The second

question is fundamental if 'noisiness' differences shall be applicated

in noise regulations or laws, e.g., immission limits in residential areas.

Since 'stimulus' indices and 'reaction' variables correlate only mode-

rately, results on (1) and (2) are not directly convertable. Furtheron

it is more or less impossible to find areas with equal noise exposure

or equal annoyance impacts with respect to all relevant parameters. Thus

a statistical solution has to be found for convergent answers on both

questions. Two steps are necessary:

- Defining a 'noisiness function' which reflects the relationship bet-

ween acoustical stimulus (exposure, noise) and reaction (behavioral

effects, annoyance) for each relevant noise source;

- Quantifying noisiness differences by comparing noisiness functions in

psychological and acoustical terms.

m i i i i' l • i lDEM M E _



(Terminological note; The term "noisiness function" shall de~ote any

function which relates both noise exposure to noise effects ond noise

effects to noise exposure).

Some of the resulting methodological problems shall be treated here (for

a more detailled discussion see ROHRMANN, 1983; cf. also FIELDS &

WALKER, 1980; SCHULTZ, 1980).

2: DEFINING NOISINESS FUNCTIONS FOR NOISE SOURCES.

In a usual noise annoyance survey, individual data on behavior in respon-

se to noise (B) are gathered with respect to selected acoustical stimu-

lus levels (A). This enables a scattergram of A and 8, and the contingen-

cy can be measured by a correlation coefficient (common results range

from rAB = .30 to .60). If the degree of annoyance caused by a noise

level shall be expressed in a general 'noisiness function', several de-

cisions are required:

(1) Individual or mean reaction data B, e)?

A fictive data set shown in Box I may illustrate the problem. In this

case (100 respondents in 6 areas) the correlation is 0.6 on the indivi-

dual basis (rAB) but 0.9 if the means of A and B per area are used

(rAS, n=6, grouped or collective data). For the present purpose of noisi-

ness comparisons it seems appropriate to use mean reactions because

usually no individual noise data are available, aggregated noisiness

functions are more stable and the point of view here is mainly 'eco-

logical'

(2) Linear or non-linear A-B-function?

Theoretically a S-shaped function is to be expected for the relation-

ship of A and B. Yet the inspection of empirical data shows that in the

relevant range between Lm = 50 and 75 dB(A) a linear function is quite

appropriate, at least if means on reaction scales are used (and not di-

chotomies like "% highly annoyed"). Additionally linear solutions have

statistical advantages.

(3) Fitting of functions according to deviations in A or in B7

Usually a 'conventional' regression approach is made, namely predicting

B by A (according to the cause-effect relation). But in the mentioned



11ux I

IEST DATA "X-NOISE": RLGRESSIONS A ON B AND B ON A (IND,/COLLDAIA)

ri i0o, n-6

B [ A M .Me of
tAB b b/ 'I I H dn rea

Al

M (iiI .
M, -I P.

s ~ l

50M A 62 3 (A) 0 7A-3.2

A
. ... T -[ ¢I iT - -- Iq

5n) 50 M 70 7'
,  

0

S

Abbr. A acoustical stimulus, B = behavioral reaction; A. B mean values per area;
N number of respondents; n number of areas; M - mean; r correlation;
A.B etc - reqression I ines; etc est imation by reqresioon function

legislation context an opposite perspective is suggested. Thus two re-
gression lines are possible, A.B and B.A, or A.A and B.A for mean reac-
tions, as shown in Box 1. (Note: In this special case B.A and .A
fall together because A is grouped).

There is no substantial justification for one of these solutions. It
seems more appropriate to compute 'non-directed' A-B-functions (nAB), as
done in ROHRMANN et al. (1980) or SCHOMER et al. (1981). Several ap-
proaches are possible; a fundamental rationale was given already by
MADANSKY (1959), using error terms for both related variables. Given

certain conditions, a simplified solution for B z mA + c is:

B = (sB/sA)A + 9 - (sB/sA)A,

yielding a straight line in between the two usual regression lines (cf.
ROHRMANN, 1983). The main advantage is that corresponding values in



A or B are convertable by only one function which applies equally to the

relations A-B and B-A.

3: QUANTIFYING THE NOISINESS DIFFERENCE BETWEEN TWO SOURCES.

If the magnitude of annoyance caused by two different noise sources

shall be compared and if homologous noisiness functions are defined in

both cases a direct statistical comparison is possible. The difference

in annoyance units B can be expressed at any acoustical level, and it

can be transformed into units of the stimulus scale A. Ndturally the

result depends substantially on the type of noisiness function (e.g.,

various regression approaches like those in Box I or nonlinear curves).

Box 2 demonstrates the procedure, using the data of Box 1 ("X-noise")

and an additional test data deck ("Y-noise"). The example refers to

mean reactions and a linear non-directed A-B-function. Within such

comparisons two problems arise:

Box 2

NOISINESS DIFFERENCES X-NOISE/Y-NOISE (TEST DATA "X .. Y")

Noise source
I X

A B

MI 2,7 2,2 - 'B A' no~se

rA ~~~~ A,0()
A

AA' " J.3

V

.Q ' 0,0 A -

Abbr : "differenr, , lope. nAR on-directed A-B-functio, Cf. also 50O 1
"AS

* -- - S



(I) Considered level of exosure.

Obviously the magnitude of noisiness differences varies between low and

high exposure levels and deperds cn the direction of view. (In Box 2,

A=65 in X-noise corresponds to A=75 in Y-noise and A=65 in Y-noise to

A=59 in X-noise).

Therefore empirical findings must be specified to the considered A-level.

Instead of mean results, nomograms should be given which relate noisi-

ness differences to the respective levels of both noise sources.

Box 3 gives an example, based on the (fictive) data of Box 2. Both

perspectives, X to Y and Y to X are shown.

Furtheron it should be regarded that interpolations outside the stu-

died range of A are doubtful.

Box 3

REPRESENTATION OF NOISINESS DIFFERENCES AS NOMOGRAM

AA for X-noise AA for Y-noise

equally annoying equally annoying

O- as Y-noise as X-noise

+10

+5

-10 -
Y-noise 0 X-noise

A A

50 60 70 10 50 60 70 80

(Data according to Box 2)

(2) Processinl of results pertaining to different response variables.

Whereas the acoustical stimulus may be expressed by one indicator

(usually Leq) noise effects consist of several distinct aspects like

subjective loudness, disturbance of different activities, anger, vege-

tative symptoms, etc. Magnitude and even direction of noisiness diffe-

rences can differ with respect to these variables.



If results shall be aggregated to reflect all relevant noise ,oact_

methodological as well as substantative decisions are necessare:

- Which statistical type of data shall be combined? It seems fajourable

first to aggregate the single variables (by a standardized mode), then

to rompute one noisiness function per noise source, and finall/ I--

compare them. Otherwise several differences must be averaged wn'ri

may be questionable.

- Shall the variables be weighted? This may be done accordi, tog ta-

tistical criteria (e g., sensitivity, reliability, cc-varij'ce with

key indicators) or to 'anthropological' relevance of varlous impair-

ments. Since differences in mean and variance already work as i'I I_ -

cit weighting in either case an explicit decision is indicated

4ho shall decide about weights? If available, an indeperdent cro. , CA

responsible experts is very helpful, especially ir case the 1ndirjq

are relevant for political decisions.

Additional sensitivity analyses can explicate tre influence cf differer"

procedures on the final results.

4: OVERVIW F EMPIRICAL RESULTS.

Recently several fiald studies dealt with noisiness difference- of er-

vironmertal noise sources. Primary investigations is well as secocdar '

analyses were conducted. Mostly road traffic was compared iitr one or

more additional noise types; see Box 4 for in ove',,new. Tere are re-

veral further surveys, especially those on railway 'ersus road noi e

Only few studies were explicitly designed for noisiness corviarisors

(an example for a somewhat sophisticated approach is SCHiM[R et al

' 1981).

With respect to considerable methodoicqiral -i -

cult to summarize the findings. The general er;Jt- I,

Provided equal exposure levels, railway no se , 0 1,, -i ,:: i: ' -

litan lines) is less annoying than street traff , r it' i, I ,

highway noise, construction noise and most iJ aii I u , rial tii,, trt.

more annoying compared to other sources. Partly ,i, f., ki

larger at low, partly at high exposure levels. cmsreei

L eq, differences up to 20 dB(A) have b(,er as( er taI n,:i



*m'AY 3 ME Mu'!CAL FIELD STUDIES ON NOISINESS DIFFERENCES

*e sf noise sources

re oi se A =ai rc ra ft no ise
1 "nJIV seR railway noise

r 1 )o1 - eC consltruction noise

-e,*_coc~'cer'irci noisiness-di'ferences Approach~

4-L, E S R A ,, R Sec.

S > R ra/Secc

R P Ni~it: A P' Pr m

-c

S -iS 0  C

> > C >' S A R~POri

1 ir-e' 'eporf,, e~ist in addition to eacn of the cited studies.
owdered annoyance criterion reflects general disturbance,

ar~invstiatin;Sec. =secondary analysis.

,_.MINANTS OF NOISINESS DIFFERENCES.

Whir r, actors determnine 4heth-r noi se from somne sources are eval uated as

-"ore roisy, listurbinq, bothersomie, annoying, and so on? Some main in-

aienc es a re I11 s ted i n B ox -5

M.AIN FACTORS IN1FLUENCING THE MAGNITUDE OF NOISINESS DIFFERENCES

Ic i t'c t t i T,,I si,ensitv Acoustical moderator fffects

~pe oi jnj eaur - Specific sound charcfen-i -,t c s
Gmlected levtel of eposure - Temporil structure of noise

Pzhlj-jl,,eto reaction P, hloia moderator effects

-Considered annoyance attri~ute -Associations to sound ittribu-,e

-Kind of dis tirbed behavior -Attitudes towards noise sources



(1) Methodological points.

Obviously findings on noisiness differences depend on the acoustical

index - e.g., Leq or Lpeak - and even more on the behavioral criterion

- e.g., cognitive or emotional reactions, affected activities or sleep

disturbance, etc. - used by the researcher. Thus the comparability of

studies can be very restricted (this is especially true for indirect

comparisons or secondary analyses).

(2) Moderatinj factors.

The substantive question is which acoustic3l and/or psychological fac-

tors moderate noisiness. Although empirical evidence is not yet very

comprehensive, two matters seem to be important:

- the temporal relation of noisy and quiet phases (e.g., duration and/or

'intensity' of noise pauses);

- attitudinal values attributed to the source (e.g., useful, dangerous,

familiar, avoidable).

Furtheron general moderators of annoyance like sensitivity to noise or

health concerns have a specific effect with differers. kinds of noise.

6: CONCLUSIONS.

Apparently an appropriate quantification of noisiness differences re-

quires considerable methodological efforts, and the available substantive

findings are not always satisfying. Thus the basis for definite legis-

lative decisions seems still limited.

This has some consequences for further studies:

Above all there is a necessity for conclusive "quasi-experimental'

research designs (cf. COOK & CAMPBELL, 1979). The sampling should in-

clude areas with only one single noise source as well as thcse with

two sources (enabling intra- and interindividual comparisons); an

independent variation of the levels of the included noise sources is

needed; the proportion of respondents with diffErent exposure levels

must be controlled; etc.

In Box 6 it is demonstrated which types of areas are relevant when

a study for the quantification of noisiness differences is desired.



- Careful multivariate analyses are indicated to clarify the relative

importance of acoustical and psychological influences on noisiness

differences.

- Any decision about variables and statistical procedures - especially

aly averaging, aggregating, ei.nting, etc. - should be documented

and explained.

Finally, an intensified international cooperation may facilitate such

intentions.

gox C

TYPES OF NOISE CONDITIONS RELEVANT FOR NOISINESS COMPARISONS

Exposure level
"Y-Noise"

80- xY XY Type of noise area

"mixed" areas

with increasing
70 ,Y Y exposure level

"pure" areas:

1. source in-
creasing, 2.

60 xY XY source con-
stantly low

"quiet" control
50, xy Xv Xv Xv area without

-- - - - - - relevant noise

[> vosure
lovel

50 60 70 80 "X-Ioise"
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the noise (VIBRATION).

NOISE REACT ION MEAItR!ELI AS A CONTItNi1tISn VAR IAB.

Noise react ion - a psycfrolog ical stat- ,rf di! p I-.,III rr ( i l d i t 1tI, 0T

caused by the noise - can ho cru idsirfrrrd tr I a~ critt In ii; j-, I ,:Tr. 1 St

of no reactiton at allI trr on,, it rxttrtri, r,.rirTn. It I -i IrI 1

to ask res-prmndents to rte tf1,ii i-act Trrn ott it !air !i iItt

categrrr ios rrr a nitm t icril sc( wit I, 1-1's nd) is' 1 .1 l 11'' or:1

i n rePgarIf( to( t hi rtIIIn14 - I t ! I Ioi ttt> i it ' u I II', , I

va I id i ty - t hat I whe t hint t h ra i nq t :I I I t I 1' "t 'hr -

crrmple(t e noiFI, react irrt.

Re) iahilITry of IndiVIrLul Rut lItjI

Most 5"(cial satt 'rYsi .' " A 1 1! 1111 i il Ir I n-rI t I I r I ur '.

interview iit ct Iii to rf- .rsc , 1 hr ' ! itn I.''. 1. '

t he refIore P Impri tin1)t t o rfrttni. tr. 1 111 1gt i iS I t.. r. : I. I I I

random errors , dar trisuo thir!Irs j, lit .' tirrl jii.t' t t ':i 7

t o t he pa itic!i11a3 worI tiis of -' ur: o, rI itI It 1:I X' 5 ~

which fir le tion I!:; x*-kr it , I - o i 4, t , r ' I ' t -

HallI and 'raylrur (9 .12 , pr, in t rrrIt t tf. t c, ru r t rittt t-w, 1t : 1 ci", is t



different questions in the same interview schedule, each p otpot t ifq i

measure "annoyance", appear to be 9eneially in the range j.7 - u.8. 'I!,,

comment that this shows the questions to he "acc-pta ly o,. v.'.

Correlations between the four separate var iable!s .:'od to me.r .

in the aircraft and artillery noise sulveys art. hown it, 'IaiI. 1. '11,- cii''

of these correlation co-efficient is i g-, erally in r co ir t w h jal I I !d

Taylor's values.

Aircraft noise Artl i h ':" no S;.
survey sUr' I '

Variable A2 A3 A4 A2 A3 A4

Al .818 .751 .724 .77 .672 .r,-19

A2 .828 .769 .760 .719

A3 .821 ,

Table I Correlation co-eff icients amiina ch Lt r :c..y .

vat tables from the two survey.

However, it must be pointed out that if tw %'a, Ir A I ,

intercor re.at ion of 0.8, the standard eii 'of ,rim, '

predicting A from B is still quite large - 0.6 t isoid t, J A -. I

of var Iabe A . I I A and B are rndep'nd,nt , Jris, r;,d md i ' I id 1

estimates ; nf a 't r iW" roact Ion var rall R, t . : .t nd or ' -ir I o r ilf d i a ,I

R from either A iir B i; 0.4 tomes thk, stilid , dl ili it is I i. IA ,'

another way, s ng t h d io , '.- nF' C 'iro dci i', d i I ! .,

aircraft noi:;e cirtav y cih' in -r I()I In rm,aar[ I nq I- i 1 ', :,

a random er ieo of appr ,xi mint Ily 10 dIB : Ind, d I

noise expisr r e .

On th otheI hard, if two orahlI ,( ' I i ir I l,I wt ' ' '

est imate r (oirt ion, Ilie r i Ii i sII i n )ca , r': , " w l l' ' d

imate Iy 7 dB in I ( xprri, xpo r-:, '. If i -,'h 1i ,l I

equivalent inacdin ciy w)l ld , , lp ''X 1:1 -t ' P [. t i

expoW;I r,- m ia c i' I ' t ,I ' i,[ ltt t o i t Id', w. ' I-

2. 1 dB standard dm'vr¢it ion .

From this-, it (,II h :i, ' it t I I '.

I dis irdiI':I , 'clm t Ion i it I , i sr I ' i!),1'I', 1.

qreater than tha t itnvmlv''i in '.i l 'r i ri(iism mnp.



critical for determining th,- fotm uit tt ds-r. .'ritr.f:,..

the errior s are pr esumahl rIya ndomlIy disfti r ittd w ith z-rs ra. ,wv

where knowlIedge of the realI vir 1 cit ion In reaJct ioI)In at ConSt ant n' In' -Xi

is requi red -such as in determin ing the e-ffect of non-xPosur' .. ' r

or in dec id ig hetwee-n d ifferent eeaar of .<x ),:r- - the -Y. I ..t' -

large er ror var iance- would make- such analysi s u i t,, iri::en.:; t Iv-itbA. --

H( de, 198 3).

Val idity of Ratings of Anno~yance

In most stujdies of coinnua t ty T atii t oie

explicitly taken to he synonymous with rc act ion r (9u[ i -. .

some evidence tthat f actors uthert than tlhose dess,-r r i'-d I: " .il~><

involved in react ion to noi!se comesi- trom a ul-r-rtI

noise (Hede et. cil., 1979) . In this -t udy, 100) j, i~iruupV w'

descrirhe hlow th! feel when they ciir- aft t(cte-d hy; j i 0 tti 1

select words from ai list t(( desct the their oceirali f-)i 1!-); W, w-I I '

reaction to specif ii: act ivity distuthances;. It wa; turjnt toJt!A

te-nde-d to use ''annoyance'' w'rirds eo.q. I'hiO I~' I' it' -' 'I 1 r '

descr ihe thei re tkact ion to sleep d i!tc~ ,t1,nc ,:A1 tiI!l II.

difsturhjnc- and din-t urrhncc- to r(aJditu "I (f/yIn rI' 'if

no ise-, runt ''fear'' words-- (e 1. 'ih teond A o I T,

descr ito t heir r (-act ion t, ( -Uinig f5(aort led or ix[)-' I0 ( l !" -1 !1 1 111

A mor e thought study may 1,1< ),ei fo mi (d I qIh,

i s a ssumed t ha t t hre qie('it i ons a- k rugq how mr ich t 'u- I pr rl W1' tf

by" or "drIiunat Isf red wi th thel risei hr, t he.no ig I[ h'd u t' h , I icr

G2) include- a potentirally hroid'-r raniq'-oi po-ti'l totm iS)t O.

t hose, ask irigj sp-c if ical ly aho ut how imich "annoytir(ire' ' I :I -I t . The I -ic

crintr uit ions oif arroyarici:, feajr, tel it in) htlto It ,c ,"c

nois;e react ion can he gauged from a mint ipli 1-[ o .rth u

t he mo re ea c, - iestI o ris. thIe r tnalt of I ci'-II 11)A ji'

consis-tent lretween the, aurrcraf t ind art 111' r" ru-L:' t Jdt', Fli or1 .t. w

in Table 2. It is- clear that ei'cnwhirch io' i rd-d ITA rtrtIc

"'anrircyarice' ma ke ar11 a laI r ug (I (tur n tf ho-u-. r i I I - c tI

rc siuuurdent. Nevert h,-) I~n t~c smallTII h'it ,t It I: t iii ly i-it ri-oclt

it it t iur t rut r vsir rn l ii -; ii Iiu t,, t th'i. u 5 t.n' i - '.' -

uuimj-nrun it uf nc-art run t" nra-.



ANNOfYpNA: '.i..

C'MPL.A IN':.

ANN( YANif'l m

Iz k'i PH 1,N' 1 .4..

D l I N

flif:i lltf 191> IIHA I l l~ 1[! I . I I.I

if~~[ifififiT If Iafffi' '. If if if f1'- 1,4 if- riolft i rf.'.1 1, d f if

3I f actor w][ i ] .1 A~ [if - i tfi .9. if tf I [If'I 'i a .If (If 2CjI o-fi '~I .I ff.i

a1 la t if]'' flififilif,fif f i f Ifi v1 Ifi' i w , if if iI .r I .-,.',n-d ,if~ I, I

twifi d Ir,-cf iffif, ,[1<l; if ,vi 'il I tiff-wt [I on ] [[I Ifi G f, if w f If t

dlf I ct ifff'lifff- nfii tif ifif,; i I 1lI t o11 .ffiif 14 [ 1f ].if[,i t i t 04 '1 ti ~~
ifqf4i[1 l if'ifit tf if a Ia t ()f'riaifi [l If y ifi [I, Wfif I if if Ii ti if I , ),,

iiim ifoinifri n ! t ift [oni a prf~ii ifr if if. ifiji i , t t h'[ . ,I,.[iA

GR c n I w r o ,, tI w 1i. 11' ii [ w if t

[,in t~i'l ,~ qi'f 'fiff d i [i if [1I ~I i [I~I rf If I. If tf If if'l if 'if t [I '

VifI j 1 1 f (1 , I .1 r[ici If if lt I iq 3 ifA i' ,Ifrifif IW

Nf I t-P. PEflAif T I if N MI 'AN] IftIPIfI A: A H I NA, "Ap 11,]'] 1

A lIt hi ifi i n tf if .4 indfiifi r f-i] 1 [f ,1 Pi'. (] "f- Ifi I .I i 1if r' I t, ,1 r, f'I I

t fon ma'y 1 - , 1 if,[1:. I I hifi [ - -it I [i'I [IfI I~ I '[''-

doffn'.f- .']iiff' If I[i, t !(if '[if rj. [ifT if if if I I I I I

tifu! t. if]ilf-i f p - f, [,ifi ffff tif f I f if I, I if,, [I 'It ~ I f 'ifTf If t ~ 7 i i



becoimes high enough to stand out among tK -ja I al ever 'daii It r *2i- f [Iii. I.

l iv ing, In this ca-se, some act ion - i!:tlt~ Airs 'l .Sr* t, 1,I

noi se, choos ing a house in an other IarfeaLOG-we.. ii I d iLd; v m, . 'I

r elevant r eact ion van rjable, i s there( foreh n Lise,, t -pr-lIntig wn t t'r or, n, !

this level of reactilon has been ireached, 1.f[or I. i-ans, the o i - r.

funct ion typically shows the percentage, of i--pond.-n-i with some- refart i,.lwI

high leve l of react ion.

Such f mary var tables; may ofhvia :1'y 1- 1(' ffined Klm an andi-rlina

v.at iafe y chocosi ng ain approipr iate ti- . , 1, of ,.t "-ffI 'I h q a'i I , I<., -!

the reliabilIi ty and val id ity of such I.a irle':; it t 1 t'' 'lircitG'd .

Reli abili ty of B Inaryv Va r i at, I

TheI" reliaIrIit Y or 1 a biary viatr afit w jIlI depend r l. en f1-1volT - I I i

i Ii ty )t t he inder ly o ticaI(,. The i I t "d I I11f 1 iilt I -p

si ngleP irt-rv iew guest ions can ala in 1ws' ry I1,'C()I-,pAI i nc i r r .':0

construct ed friom t hef t hi e -e a nnova nci-( rat 1mg:, AfI , A , triA .- ,I

t hres-hold levelI of 8,101 o r abo,,ve i n al canes. Ul;INing ",ttl

pair s o f thtese, var iahles, i t wa- found t ha t fet wee(n ) , ,r I I

respondents in the aircraf t noifn.'nt ;di% woif reciv dif F i - Tit ..

i ca t i cns dependi ng on wh ich of a p)aI r o f thes-e var r if le' W,: 'i.

class ify t hem. For t K ar t if Irer y nois-e n t'rdv thep err rr'an w- r f-W.

I I and 1t .

As with the cont inaoan5 va riable , te' la'i i ,f o iir I; w',n t

greatly affec(t thei don-, -i cenponJe cre ffow"', ,r I ifh.; 1

influence at very low and very hiqh oei'n ! eX li L. I -1 'sw1, 1.1

ex~posure, levels ther ar pie;, imi -, , ti. )fii i' r '

ac tuiall Iy a bove, t hec t1)rl holId , '2 tA t an'.' f arefom oil!-"1.1 1- 1(i>' r. I '

by theit unre Ii abili 1t y of thew reoact ion %vir r aflv w ill . in r- i I

mistakenly class if yi ng a res-pond--nt r racti in -'in v. t' . .1

'Th i w il Iexaggqlr atel the, namfo r of Ii f, 11-1dfI.'. nitI'd I! .

t h I ,Alnold I r') le xposure t ewIl; and , -nv Ir:b, 'fi nIT 1 'n

vetr y hilt!, ......e I n .

I n t he a i r -raft no i n t tudy fo ef xarspIl, I in rI w i W! W, 'I 7A i

282 r-;p Fndent ;I n " c rnt r -A aa , f-tween ir cra ft I I '- ii

no inn' -xpn r wan- ?e.I y low -Istiatert at aborit- 10 NP. ' I

i n n oy in co ,e va Is, thew pr oper 'r errn if t hen' renlntn'n 'rn I I On I i

"Jan 8'1 (' We]; I 1' .atid H W.. ftiw':, an Iinrli Il '5' C sT
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PATTERNS OF BEHAVIOUR IN D'ELLINGS EXPOSEI) To ROAD TRAFFIC NO1ISE

IAMBERT,J. - sIrONNEr,F. - VALLET,M.

IRT-CEMNE, BRON, France

INTRODUCION

Public authorities are responsible for deciding on a level of noise

that should not be exceeded in order that the situation for people living

in urban areas will be acceptable in the medium term and i'Tproved in the

long term.

Given this requirement it is necessary to assess the effects of noise

and in fact this matter has been the subject of numerous inquiries over

the last 20 years. The early inquiries conducted by Mc Kennel (1), by

Langdon in Great Britain (2), by Borsky in the United States (3) and by

Latru.re in France (4) involved very cotirehensive studies of certain as-

pects of the human responses to noise.

Some of these responses can be verbal and it is possible to arrive

at an understanding of what is involved on asking for the opinions of the

people concerned. But the verbal expression of annoyance depends on a

number of psycho-sociological factors associated with the effects of noise.

more, it appears difficult to define what is meant by annoyance.



So a behavioral approach has been attemptedl to assess, in an objec-

tive manner, the impact of no.se and find critical levels above which the

noise appears to have significant effects.

INQUIRY PROCEDURE

Scale of the incuir and noise levels involved

The iruiry was concerned with a total of 15OO subjects, of which
94 per cent were wxeen, and who were either the owners or tenants of
flats located in a total of 15 different sites. The dwellings were fron-
ted by urban express ways or main through roads in the case of the noisy
sites or by service roads in the case of the quieter suburban locations.
The inquiry was concerned with a fairly wide range (47 to 77 drB(A)) of
noise levels.

Evaluation of the noise levels

The noise levels were determined on the basis of different comple-
mentary procedures :

- Measurement of the noise over 24 hour periods at one or two points
at each site.

- Measurement of the noise over short periods of time at a nunber of
points at each site.

- Calculation of the noise levels at the facade of each dwelling on
adjusting the results of the noise measurements and on rnvkinc use
of the NOISE ccnputer programme developed by IRT-CERNE.

Thus an 08.00 to 20°00 hour Leq value applying to the facade of eac),
rom of each dwelling was determined. The Leo values for thle evenir, o
(20.00 to 24.00 hours) and night-time (00.O to 05.00 hours) peri ds were

derived from the daytime values on taking account of the results of the
single point, long duration measurements of noise at each site.

Items considered in the gqestionnaire

Following in-depth interviews and a pilot inquiry involving: a tota,
of 300 subjects we assumed that the behaviour and attitudes of pehplo
could best be observed with respect to the following aspects of daily
life within the home :

- The way in which people make use of and organise tie availalle
accommodation.

- The health of the subjects and in particular the takino of :i 1-

caments.
- The way in which the subjects spend their tinev, the interest her

being in the way noise can affect the duration ard distribution o:
day to day activities (for exanple, the extent to which subjects
leave their dwelling in order to escape from the noise).

- The expenditure either within the dwellinq or on the huildin.:
itself (upkeep of the rocrns, sound proofino of tJhe ficades)

Given the fairly satisfactory understandin< of thul ,lXAtionship bt-
ween noise and the degree of annoyance as a result of pruvio u inquirieS,
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it was concluded that we could profit from a study of the relationship
between noise and its effects on behaviour.

_Analysis of the data

Apart frmx "conventional" analytical treatrient concerned with a cor-
relation of the data and the application of si.: Ic 1 x tests, we also
carried out iore sophisticated analyses based on the use of procedures
such as principal canponents analysis ([CA), variance analysis and consi-
deration of the results on the basis of various subsidiary classifications
of the data.

This last procedure in particular enabled us to detenrmne the noise
levels above which there were sijnificant increases in the incidence of
the different behavioural responses that were considered.

RESULTS

Annaoyance due to the noise

Although the inquiry was concerned in particular with the effects of

noise on behaviour it was considered that we should evaluate the degree

of annoyance expressed as a result of the noise in order to be able to

conpare the two kinds of results.

The graph of figure 1 shows clearly that there are two critical daily

noise levels, one in the region of 60 dB(A) and the other in the region of

65 dB (A), above which there are more rapid increases in the degree of an-

noyance with increasing amounts of noise. The same result is obtained on

considering the results with respect to various subsidiary classifications.

500

s 5 60 0 0

L..(A) JSO0 20 00h

Fig. I - Day annoyance and noise people very annoyed plus annoyed

IIII



The results also show that there is a good correlation between the

noise level and the degree of annoyance. Thus more than 40 per cent of

the variance in the degree of annoyance can be considered to be due to

the variance in the noise level.

For night period, it is not so easy to identify the level above

which there is a more rapid increase in the degree of annoyance as the

amount of noise increases as was the case for the noise occurring during

the day although it does appear that the percentage of people who say

that they were very annoyed tends to increase more rapidly above a noise

level of 52 dB(A) (Leq 00.00 - 05.00 hour).

The correlation between the night-time noise and the annoyance, al-

though not so good as for the daytim case, is still very significant

(r = 0,48).

Behaviour in response to the noise

-Use of the dwelling

First, it was found that windows tended to be closed more particular-

ly when watching television, when reading and before going to sleep

(figure 2).

r/

f 1 54 5? 6 0 69 72 7S
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1
' 4 1

Fig. 2 - Percentage of people closing their windows for Watching TV (0),
conversation (0), sleep (w), lecture (A).
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As regards the transfer of activities susceptible to the effects of

noise, to quieter rooms, it was found that the critical noise level above

which there was a significant response during the daytime period amounted

to Leq - 68 dB(A). The activities mainly involved here were reading and

work of an intellectual nature carried out in the home, these being acti-

vities that can often be transferred fram one room to another without too

much difficulty. On the other hand there was no significant transfer of

activity so far as watching the television or sleeping wab concerned.

Clearly there are difficulties with regard to the transfer of these last

two activities, either because of the lack of a spare roon or because of

the physical difficulties involved in moving an item of equipment such as

a television set to another room.

-Effect of noise on sleep and health

This study was more conc-rned with the indentification of simple

indicative prameters and the determination of critical noise levels. The

indicative parameters were concerned with the conditions that can apply

on going to sleep : time taken in getting to sleep, difficulties in get-

ting to sleep, taking of sleeping tablets and the extent to which noise

results in the subjects waking up during the night.

The results lead us to the following conclusions

- Noise appears to have a much more pronounced effect in waking

people up than in preventing them fran getting to sleep, this

latter difficulty being more closely related to the age of the

subjects.

- The interference with sleep leads to an appreciable increase in

the taking of sleeping tablets although there appears to be a

stronger connection with age here than with the presence of noise
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(13 per cent of people taking sleeping tablets for noise levels of

50 dBA and 20 pex cent when the noise level amounts to 75 dBA).

Although there is only a slight correlation between the noise and

same of the indicative parameters it should be noted that the critical

noise levels above which there are more rapid increases in the interfe-

rence with sleep, are the same for all of these parameters. Thus to consi-

der just two critical levels, there are rapid increases in the effects for

all of these parameters above Leq values of 45 and 55 dB(A) for the 00.0

to 05.00 hour period which correspond to Leq values of 55 and 65 dB(A) for

the 08.00 to 20.00 hour period.

If we consider medicament consumption not only on going to bed but

also during the day then, as shown by figure 3, it will be found that there

are rather significant relations with the level of noise.

00Sleepingj tablets

Traqullsers'

i w I -d PCa ts for

fOr heart trrn* Its

Wo is00 0 70 is

A(A) Leq 0.O0-20.00 hous

Fig. 3 - Medicament consumption versus noise

If we consider sane subsidiary classifications of the subjects with

regard to the taking of sleeping tablets it can be seen how this practice

is related to sleeping difficulties. Thus subjects who have difficulties

in getting to sleep are much more likely to take sleeping tablets : 33 per
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cent compared with 10 per cent in general and 57 per cent when the sub-

jects are more than 65 years of age. In this latter case, the presence of

noise simply reinforces the behaviour, the percentage of subjects taking

sleeping tablets rising to 69 per cent for noise levels of Leq > 65 dB(A).

On the other hard, subjects that tend to get to sleep fairly quickly sel-

dan take sleeping tablets, particulary if they are young (less than 5 per

cent).

*Sound proofing of the dwelling

Figure 4 shows clearly how the percentage of dwellings that have been

sound proofed increases with the noise level

40

30

20

10

50 56 60 5 70 75

dE(A) Leq 08.00-20.00 hours

Fig. 4 - Percentage of sound proofed dwellings versus noise owners
.... tenants ; - - - total sample.

A ruober of different factors are involved here like the income of

the household, the occupation status (owner occupier or tenant), the

length of occupation.

-Escaping fran hame

The results indicated that whereas the noise did not give rise to

families going out any more, either during the week or at week-ends,
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(which would have bLken a useful indication of attuips to escape frrrt the

noise) it did lead to scav fanilies considering the possibility of rlovinq.

However although the noise was involved to sacie extent here it did not

appear to be the main reason for moving.

The analysis of this type of response was delicate, namely the inten-

tion to move to another dwelling, but we can nevertheless draw the follo-

wing conclusions

- The status of occupation of the dwelling has a dominant effect;

thus not only is it easier for a tenant, as opposed to an owner of

a property, to move (no difficulties with regard to the selling of

the property) but there may be other obvious reasons for moving

apart frm the question of noise (need to find more suitable accom-

modation, desire to purchase a house, etc.).

- On the other hand the amount of a low rent to be paid and the dif-

ficulty of finding equivalent accomcxation can discourage a tenant

fron moving.

- Finally we cane to the effect of noise which becomes more pronoun-

ced for levels above 66 to 68 dB(A) and when it is found that a low

rent is not enough to prevent tenants from moving. Thus it would

appear that there cannot be any monetary canpensation for the hig-

her noise levels.

It should also be noted that the fact that he has sound proofed his

dwelling is likely to discourage an occupant fram moving.

Thus th two behavioural responses of sound proofing the dwelling or

moving, which are both more likely to arise for noise levels of more than

66 to 68 dB(A), can be regarded as alternative possibilities.
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I.I



CONCLUSIONS

In this study we attempted to assess the effects of road traffic noise

on considering the adaptive or evasive behavioural responses to such noise.

As a result of the study it is possible to care to the following con-

clusions

1. Below 55 dB (A) for the daytime value of Leq it can be assumed that

the noise gives rise to little or no disturbance and that the level

of noise is such that activites that are most likely to be affected

by noise can be carried out quite normally.

2. Between 55 and 60 dB(A) the effects of the noise are still accep-

table but people who are most sensitive to noise are beginning to

be disturbed.

3. Between 60 and 65 dB (A) we begin to see same bahavioural responses

that are not as yet very forced (e.g. the closing of windows to

shut out the noise). However the effects with regard to sleeping

and the degree of annoyance that is experienced increase very signi-

ficantly. It is desirable that action be taken to reduce the noise

level but the results of a cost-benefit analysis of such action

will not necessarily be very positive, at least in the case of pal-

liative measures such as the provision of sound barriers or the

application of sound proofing treatment.

4. Above 65 dB(A) we begin to see ccripulsive behavioural responses

which are indicative of severe disturbance due to the noise (trans-

fer of activities to quieter roams, sound proofing of dwellings,

moving to other acccmnodation). Action by the public authorities in

this case is not only desirable but essential particularly since
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in most cases the net econcrnic benefit of any action has every chance of

being positive for the comunity as a whole.
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GUIDELINES FOR AUDITORY WARNING SYSTEMS ON CIVIL AIRCRAFT: A
SUMMARY AND A PROTOTYPE

Roy D. Patterson

MRC Applied Psychology Unit, 15 Chaucer Road, Cambrid CB2 2EF
England.

INTRODUCTION

The purpose of the auditory warning system on the flight-

deck of a commercial aircraft is to alert the flight crew to

dangerous conditions, to potentially dangerous conditions, and

to the arrival of information on visual displays. All of the

current warning systems perform the alerting function with

exceptional reliability; furthermore, in the vast majority of

cases, the information specifying the type of problem is suc-

cessfully communicated. But the existing systems achieve

their success at considerable cost, in that they typically

flood the flight-deck with very loud, strident sounds. This

has two unfortunate side effects: First, it makes the auditory

warning systems unpopular with flight crew. Second, and per-

haps more important, many of the existing warnings disrupt

thought and prevent crew communication, which at a critical

moment makes an already difficult situation worse.

In a recent report, a set of guidelines were developed
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for auditory warning systems on civilian aircraft that enables

the designer to avoid these side effects and produce much more

ergonomic warnings. The current paper presents a summary of

the guidelines, and then a description of a prototype warning

that illustrates the guidelines.

GUIDELINES

1. The Overall Level for Flight-Deck Warnings

The lower limit for the range of levels appropriate for

the prominent spectral components of auditory warning sounds

is 15 dB above the threshold imposed by the background noise

on the flight-deck. The upper limit for warning-sound compon-

ents is 25 dB above threshold since the levels imposed by the

noise in level flight are already rather high. For many civil

jet aircraft threshold on the flight-deck, Ps, can be calcul-

ated as a function of filter centre-frequency, fc' using the

equation

P = 0.15 f NL,5 c

where NL is the average spectrum level of the background noise

in the region about fc . The level-flight phase of flight is

usually the loudest. Note, NL is in (dynes/cm2)/Hz in this

equation. The original report (Patterson, 1982) includes

methods for calculating threshold in noise environments having

complex spectra.

2. The Temporal Characteristics of Flight-Deck Warnings

The pulses of sound used to build a warning sound should

have onsets and offsets that are 20 - 30 ms in duration. The
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gating function should be rounded and concave down. The sound

puises should be 100 - 150 ms in duration. For urgent warning

sounds the inter-pulse interval should be less than 150 ms.

For non-urgent warnings the interval should be over 300 ms.

The warning sound should be composed of 5 or more pulses in a

distinctive temporal pattern to minimise the probability of

confusion amongst the members of the warning set.

3. The Spectral Characteristics of Flight-Deck Warnings

The appropriate-frequency region for the spectral compon-

ents of flight-deck warnings is 0.5 - 5.0 kHz. The warning

sounds should contain more than four components and the compon-

ents should be harmonically related so that they fuse into a

concise sound. The fundamental of the harmonics should be in

the range 150 - 1000 Hz, and at least four of the prominent

components should fall in the range 1.0 - 4.0 kHz. For

immediate-action warnings the sounds might contain a few quasi-

harmonic components and/or a brief frequency glide to increase

the perceived urgency of the sounds.

4. Ergonomics

Automatic volume control should be restricted to a range

of 10 - 15 dB and used primarily to reduce the volume when the

aircraft is on the ground or in the climb or approach phases

of flight. There should be no more than six immediate-action

warning sounds and three attensons (i.e. attention demanding

sounds).



5. Voice Warnings on the Flight-Deck

Voice warnings incorpor~ccd into immediate-action warnings

should be brief and use a key-word format. They should not be

repeated in the background version of the warning. Voice

warnings used in less urgent warnings should use a full-phrase

format and be repeated after a short pause. The frequency

range appropriate for warning-sound components is also appro-

priate for speech (0.5 - 5.0 kHz) . The appropriate level for

voice warnings can be achieved by positioning the maximum of

the average speech spectrum (typically the components of the

first formant) near the maximum of the appropriate-level range

for warning components. In the region 0.5 - 5.0 kHz, a pro-

gressive amplification of about 3 dB per octave will improve

the speech intelligibility.

PROTOTYPE WARNING

The temporal structure of a warning that might be used to

designate the condition 'undercarriage unsafe' is presented in

the diagrams of Figs. 1 and 2. They show, respectively, the

basic pulse patterns used to represent the warning, and the

time course of the complete warning. In Fig. 1 each rounded

hump represents a pulse of sound about one tenth of a second

in duration. The waveform within the pulse is unique to a

particular warning; it carries the spectral information of the

warning sound and is never altered. A burst of six pulses

defines the warning sound. The basic grouping of four, clust-

ered pulses followed by two, irregularly-spaced pulses provides

the rhythm of the sound which, combined with the spectral

IIZ



Olei uain " i ' .9 12 , 16

Basic temporal

Iden tical pues l i II
2 B a s ic p a t te rnco t u - - '

with loudness

PuLse spacing
3 compressed to

increase urigency. nn
Pulse spacing

4 compressed to
the limit.
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Fig. 2 - Time course of a complete auditory warning.

characteristics stored in the waveform, gives the sound its

distinctiveness. The four rows of Fig. 1 show how the spacing

and intensity of the pulses can be varied within the burst to

vary the impression of urgency and avoid abrupt onsets. Each

trapezium in Fig. 2 represents one play of the warning sound,
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1. Overall level

The warning comes on at a moderate level, well above the

minimum required to draw the crew's attention, but well below

the level where it would be aversive. The warning is repeated

and then a voice warning presents the same information. A

detailed method for determining the levels is presented in the

original report.

At this point the warning is turned down automatically to

a level that is still audible but which can be overridden by

a person speaking loudly. The warning stays in the background

at the lower level for a reasonable length of time, depending

primarily on the urgency of the condition, but if the fault is

not corrected the auditory warning and the voice warning both

return (the second row of Fig. 2) at the maximum of the appro-

priate range for warnings.

that is one row of Fig. 1; the number in the trapezium indi-

cates the row. The duration of a row in Fig. 2 is about 20

times that of Fig. 1, or about 32 seconds. The rectangle rep-

resents a voice warning and the heights of the rectangles and

trapeziums indicate the relative intensities of the various

components. When conditions dictate, the warning is initiated

and proceeds as follows:

2. Temporal characteristics

An arresting warning can be produced without risking a

startle reaction by bringing the warning on at a comparatively

low level and increasing the level of successive pulses quick-
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ly as shown in the second and successive rows of Fig. 1. This

amplitude envelope gives the impression that an object is

moving towards you rapidly and then receding slowly, and this

apparent motion draws your attention. At the same time, since

the first pulse comes on at a moderate level, the warning does

not cause a startle reaction. The basic pulse is similarly

given a rounded top rather than an abrupt onset or offset tD

reduce the risk of a startle reaction.

The version of the basic burst shown in the first row of

Fig. 1 does not sound particularly urgent when played at a

moderate level and at the rate indicated. More urgent versions

of the same pattern are obtained by compressing the first four

pulses in time as shown in the last two rows of the figure.

So long as the warning is composed of a group of four regular

beats followed by two irregular but fixed beats, and the wave-

form within the pulse is not changed, it will sound like the

same warning. In Fig. 2, the '3' in the first pair of trapez-

iums indicates that the warning is initiated in the version that

gives the impression of moderate urgency. After the voice

warning it is changed to version '1', which souAds less urgent

when played at a lower level because the first group of pulses

is well spaced and they are all the same level. But if the

fault condition is not corrected the warning returns in the

most urgent form '4' which, combined with the maximum level,

commands attention.

3. Spectral characteristics

Where possible, to provide continuity between existing



and future warning systems, the basic pulse of a new warning

should be taken from the sound assigned to the same function

in the system it replaces. This can be accomplished by digit-

ising a sample of the original sound, selecting an appropriate

subsection, and rounding the onset and offset with a raised-

inverted-cosine gating function. In this way the original

association of sound and function can be preserved while at the

same time implementing the other improvements.

4. Voice warnings

In the immediate-action warning, the role of the voice

warning is to present one, highly redundant, repetition of the

warning's information to eliminate the possibility of confu-

sion; in this way the major advantages of speech are incor-

porated into the system. The voice warning is not repeated

when the warning switches to background mode because it would

be intrusive and increase the total on-time unnecessarily. It

is also difficult to produce a background-level voice warning

because of the large dynamic range required for speech. The

vowels of speech are often 30 dB more intense than the conson-

ants, and so if a voice warning were attenuated to produce a

background version with the correct vowel level the consonants

would be near or below masked threshold.

CONCLUSIONS

Many existing auditory warnings are needlessly aversive

and could be replaced with more ergonomic warnings generated

with the aid of some fairly simple guidelines.
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PROPOSAL FOR A SCIENTIFIC PROGRAM

P.N. Borsky

Columbia University - School of Public 11ealth - New York, USA

At a meeting of the team, the following six recommendations were

generally agreed:

I. Shrinking resources emphasizes the need to expand the joint and

coordinated research efforts of the EEC to other investigators in other

nations. This will enable avoidanee of duplication and facilitates the

combination of comparable data under a greater variety of conditions than

ould be possible for any single study.

2. Cooperation and coordination among members of Team 6 and Team I and

possibly other teams is indicated by the need to develop a total profile

of noise exposure. Team I complains that calculation of hearing loss due

to occupational exposure is compounded by lack of data on noise exposure

in the residential community, etc. Likewise, the expectations and atti-

tudes of resident toward community noise is probably influenced by their

daily noise at work. The availability of recorders may facilitate

miniature acoustic total monitoring.

3. More attention and greater precision of measurement is needed of the

acoustic environment, especially with a variety of noise sources and

ambient conditions. There is still a need for more accurate noise

descriptors that are related to both acoustic and human perceptions and



responses. It is likely that no one descriptor can sufficiently be re-

lated to all complex community situations.

4. Additional development should be encouraged of methods to scale

response variables such as annoyance and negative reactions to the noise

sources.

5. More sophisticated experimental designs should be utilized, whenever

possible, such as longitudinal studies of before and after changes in the

acoustic environment. This would include evaluations of the effects of

noise abatement actions on the noise conditions and human awareness and

reactions to changes.

6. Secondary analyses and testing of new hypothesis based on completed

studies may prove useful. NASA Langley Center in the U.S. is attempting

to establish a data bank of original raw data. investigators are urged

to contribute their data and to use the data bank in planning new studies.
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ANNOYANCE RATINGS FOR IMPULSE AND TRAFFIC SOUNDS IN BACKGROUND NOISE

Vos,Joos and Smoorenburg, Guido F.

Institute for Perception TNO, Soesterberg, The Netherlands.

INTRODUCTION

The research reported in this paper focuses on four factors, which

may be relevant in the evaluation of general aversion to noise. The first

aspect refers to the im:ulse vercia 3ooi;g o:s character of the noise. To

compensate for the impulse character of noises, a penalty of 5 dB has been

recommended by ISO/R 1996 (1971). This penalty has to be added to the A-

weighted equivalent sound level in order to get the equally annoying con-

tinuous noise level. The second aspect refers to the Ze-eZ of the noises.

In a C.E.C. joint research project (Rice, 1983) it was found that for an-

noyance due to sounds in quiet, C is level dependent and decreases from
imp

about 10 dB at a level of 35 LAeq to 0 dB at an LAe q of 70 dB. The need

for an impulse noise correction factor is also strongly supported by re-

sults from a C.E.C. joint field study. From their preliminary data (de

Jong & Groeneveld, 1983) it can be revealed that this penalty is equal to

about 9 dB for residential areas where the overall noise level is below

57 dB and equal to 6 dB for higher overall noise levels. The third aspect

is concerned with the level of the 1aok ~cz" ," While the annoyance,

attributed to a particular intruding noise may depend on the level of the

background noise, it is not a priori clear to which extent C is influ-imp

enced by it. This may depend on whether do~w'e- ," annuyance () ci :,"

annoyance has been assessed. We decided to inclide this nonacoustical lac-

tor as well.
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Fot? the f I Is t t yf;' e qt gull r: ! 1 ;i II ,(1 I r-an I nt I v L.w-: I ic

shots Was eqIua l to .2-' C t:.- stali'll ci d, i ~ a-0 1-1 Ad r
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wis ai special tcccidll q "I t raft -( ri wt: v 1- 1t

,ixty - I ur s uLj tJct,,I male-s ai.ti I~ i aI-, l n I - ci.,,

of age, i alticil Ated 1i t'- -e Xer 10.. W1I 1 ~eIJ , ai 1o , , a 1-1.,

or nlewspaper, thIly we-, j wi-t!, t
1  

e--rJ I." :?en-t ",-Iid

trastati ic lu. sp-aker . T;,c cejir x~cc .I. wci * owi':.
a indIIow and with 50.1110 .4l-5rLiI walls.

The i1(deji-lxdccI~t \il ,~ls w5!*1 1) typ, 1 I5ili1n I-

5OutCC5reC I ctilc ana i t 11213cc 'ru c Ic ~.v1 alrd
55iB,,, jn ipal level 'eur tc lo..r 1:a .(g~rounJ noise level :
40,50, and ti .JB,LA,]I for tlhe liiql or iac kioulur noise l evel;I,
and 70 dB.I.Aeq); 4) s;ignal typ k. gnfire 1, junire II, metal c 31 ru
tion, and traffic- not se) . Buth tv' of A Intlu'tic n a1nd3 ackground nOuill

level were var ied Letweens-ap-ct- Sional le 1 and s1ignal t' pc were
varied within1 subjects.

In addi t i~on to *11- jeneral inforrmat iLori, o w to use the t, n (coi' 1
goal-interval ,scale, the source-spec it ic arnnoyalice jrcup received tiie ful-
lowing instructiomns: 'We Want you to givc- an a(sssment uf tli a,1Jitic)r~ai
noise you have heard the last five minute-6, thus irrospect ive cc the ccon-
st intly present background noise. How annoying would you fit. t i- fl 1

if yoiu would hear it all the time in the l iving room aglainst tiCc~e 112-1'

of background nioise . For the total annoyance grocir tese nttatin
were: 'How annoying would you find t1he total noise vou have )us 1. at,

if you would hear it all the timae in the l iving iou To ma k, sureI th.at
it was clear to the s;ubecl -3 from thek first group, tiIseui.js w~ru ill-
tenided to be addititonal, short -samples of the, four ra..........s were pre-
sented without b~ackground noise , [Ic fore entter i ru U ex:e, a1 tc

RESULTS

It can be seen from Figure I that for the foux qrcup 5, e-ach rejpresell-

ting a different comrbination of the two background ii1 0- 1, v, 2 and the

two types of instruction, the annoyance ratings increased with increoasing

signal or total noise level (p -. 0(1001) . Averaged] across le'vel, ticiffie'

noise is rated lower than the other three noises, (ci- .0,) for all groups.

For three, groups, the annoyance rating due to low level construction no1ie

was in between that caused by gunfire and traffic noise, where~as for high



],'d uT

Fig.I. O U~e- I~ CIt Ul;O'~l I e " I d J, j Uj t , I II :,I /

veI pa le I d aI d .) a i t tal a , I y I, , I, tA i :I .,T/,
ta no s le e p n7; 1 i" J 1 - L ,"I ,I II, IA K)IU.1:Q

the. a.nnounce-rat1ecitn tx tre'p os(Il t he S 1 u. (11 I ~ I e~l 1 t pt heI(AJI111

lvel (pnels b a an cI tri 111il aI aI I hO dLI't 1-11s'I1 i tI 11A I [-

given by y L + duad for traffi noise, this relat ionship is (iveii

by y a 2 + 2 e u ah IeeIxott iimuIs ui i- o

rection , C , which has to be added to the noise lel to) get the egku'il1imp~~ hnfrec v] ,atteipleiis ti o

ly annoying tafcnielvl seult

With the help of Equation I , penialt ies for impulse~ noise, wt2 L, :omlputti flet

all conditions. The obtained values Lite given in Table I . tot) si)ut ce-speC

cif ic annoyance in the igqh backIrOwild condi ti on, the dost-e-i loll ecpsI

tionship for traffic noise was based on only the three hiqhlt it I I

vels. The lowes;t level was excluded because at tis 'ond iti'l on,4 T1,011,a

noise could not be discr iminiated from the backgjround. Thc I at t ht!'1:'

condition did not render lower ratinuss is Jut, to a Itoor,, e I ect

With respect to low s-;ignal l evelIs iut ptenalIt tes ftel iunt i i ~ l

in l ine, with results for sounds in i it kRice, I ) liweve "U1 a

do not suggest that no penalties are n1(eded I~ orveryI 11jil sund lvs

This is supported by data f rum a fieold study kde tong1( 11i oti d 1



Table I
Impulse noise corrections. given for gunfire (G1+G2) and metal con-
struction noise and for various levels of the noises.

Source-specific annoyance rating
background noise noise type signal level (LAgdB)
level (LAeq'dB) 30 40 50 70

35 gunfire 11.0 9.9 8.8 7.7 (6.6)
construction 7.2 7.4 7.6 7.8 18.0)

55 gunfire - 13.2 10.1 7.0 3.9
construction - 9.4 7.4 5.3 3.3

Total annoyance ratint
noise type

background noise added to total noise level (LAeqdB)
level (LAeq'dB) background 35 40 50 55 60 70

35 gunfire 11.9 10.5 7.6 6.1 4.7 (1.8)

construction 4.9 5.0 5.1 5.2 5.3 (5.4)

55 gunfire - - 3.6 3.1 2.6 1.7
construction - - 0.1 1.1 2.0 4.0
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EFFECTS OF NOISE ON WILDLIFE: A REVIEW OF RELEVANT

LITERATURE 1979-1983

Fletcher, John L.

Department of Psychology, University of Missouri-Rolla, Rolla,

Missouri.

Previous reviews of the literature relevant to the effect

of noise on wildlife have been made by Fletcher et al (1971),

and Fletcher (1980). A bibliography, "The effects of noise

and intense sounds on nonhuman primates: A bibliography.",

has been collated by the Primate Information Center, Univer-

sity of Washington, Seattle, Washington (1980). Other than

those literature review-literature search efforts, there is

no evidence of any systematic organized effort to delineate

the nature and magnitude of the effects of noise on wild-

life and-other animals. Possibly Busnel (personal communi-

cation) hit upon some of the thinking behind the shockinq

lack of interest and effort in this direction. His opinion

on this matter was that essentially, only the North American

Continent has both the wildlife and any organizei concern

for tneir survival, and even then, there are so many prob-

lems receiving higher priority that no research attention

has been paid to the noise and wildlife prohlfm. What,,er

. . .. . ... ..,_ . .. . ...._ _. ._ _- - -._-. -r_-_ _, ,_ _. - - - ..



and CollaqenCI COnItIICIt Ut t h1 raIt har.,1-t w Ith1 onil IlI11 1 si 1 !P

Jiet iciency and St ress . They found' t hat Irat a wi th chi oIII c

maqnlesium deficie.ncy have less !lalio~surnI and Ilota I Ot III,

heart musc le tissues. They alIso rcpor t a cal c i ur, sd01

and hydruxyproline increase, as wellI as an mincreased or i lr1aII,

excretion of adrenaline and more( part icularly, nioratll-l il I,.

They founrd that wi th simulIt aneous nor so st ross theo ohani;cs

increased with deqree Of Maqne~ksiuml deficiency. 't nlolso,

stress to which the rats were subjected cons isted of 12 hotils

per day of tape recorded traffic noise at anl1 L of 6t9 dj

relative to tne rat hearing threshold wi th a maximum of 8-,,

dB, and an L Cqof 73 dB with LIma of 80 dB3 in a sconld soti-

The noise exposure was begun four weeks a fterI the mlacjTIm's Um

deficit was initiated. It would seem apparent from the y-

suits of this study that interactions of nois', str-ess and

various aspects related to every day livinq such as diet cain,

and probably do occur in the onvi ronmni-t- and canl resiilt n

damage to wildlife and other animals from levels of nioise

that might normally not be expected to he of concer n.

A survey of the impact of continuous noi so onl animal

health was made by Alge rs et al1 1978. 1 n the( i nirodoet Ion t

their survey they pointed out that, the' enIVIIronmon1ta 1 c ~nil i-

tions of domestic animals have chanqed irast ically oe t lie

last several decades, with noi se level one of the more, oh-

vious changes. Their review was for- of feet a of cont inuoon;

noise, which does not have a "marekedl1y int to m it ton t"iili

and is "not characterized by short sound hilastsa."'te

vey of noise effects revealed rabbits exposed to 1I %hio)- Imif,-



sound at 90-93 dB for 152 days had EEG changes. Specif-

ically, the EEG changed from the normal slow high amplitude

pattern to high frequency oscillations of 60-75 Hz durinq

the first day of exposure, then a rhythm of 5-6 liz at 100-

178 micro-volts amplitude developed. This rhythm corresponded

to breathing rhythm. Cats in white noise showed a marked

increase in inferior colliculus activity, while pure tone

stimuli produced a decrease in activity, with maximum re-

sponse to 1000-2000 Hz tones. They also noted that 02 con-

sumption in the brain decreased in proportion to exposure

time to the noise. In rats they found data suggesting that

permeability of the blood-brain barrier develops after noise

exposure, and that metabolism of macromolecular phosphorous

products is also changed by noise exposure. Rats exposed to

80 dB showed intensification of the oxidizing process which

researchers felt increased synthesis of macroerqic phospho-

rous components and at 97 dB they noted the oxidizing pro-

cess was interrupted in the brain and inner orqans. They

also found literature reporting noise effects on the eye.

Studies noted that nystaqmus and eye velocity changes were

observed under noise stress and that sudden noise caused

pupil dilations. Glandular changes have also been observed,

with the hypophysis and adrenal glands stimulated by noise

above 68 dB and causing changes in adrenocortical activity

in rats, mice, and guinea pigs. The adrenals of mice, hav(,

been seen to hypertrophy, and the wei ght of the adI-enais

increases in older noise-exposed rats, wh ile decrtas ini in

younger rats. They also reported increased ] eve is of

I10'



the reason, this re,-iew i ncluded a diota i led I i toratu-

Sea rch as Wel1l as a personal canlvas Of jLOJ 1 e k io(Wnl or

thotiqht to be work inq' in this area, It may bo Of lnt"IreSL

that the e'Xte)S iVe- col1UteriZ1ed ii toratalre slearch roi

considerably fewer relevant stud ies thani did the ,ill !()I

hell) to Scientific CO~lkealUeS.

As found in the Last literature review re~iardinuj the

effects Of n1oise On i Wlii fe, special situation1S ev'olve

Which then forceabi y focus Scient if ic attent ion upJon prOb-

lems of noise and w ildliife. In the 1las t review, the prob-

lems brou&;ht about by the MacKenzie qas pipeline from Aak

througjh Canada generated a considerable amount of ie levant

Studiy on wildlife reaction to noise. I"Or this rIe%'Lw, con1-

cern by native Alaskans re(-s~tted in a workshop spec if icaily

convened to consider interaction between mlanmadeC noise and

vibration and arctic marine wild-life. While this wor~kshop

was not a research undertakiul , it was a coo-d i natod ,tlert

that included scientists from1 severalI d isc ipl ines rlvn

to the problem ais well as concerned and knowl1edqecabl1 ci ti -

zens. The purpose of the workshop was to assess the curren1t

state of k nowledqle rtar-d ino noi so aind a i-CtI c11mar no1 wild!-

li fe and make recuinlmenda tions f(or r0SCalrcli to beC dlne I

fill in (laps in scientific knowledqje of the subjoct. The

workshop was funded by the Alaska Pu m halimlow u n

ROey iOw f Ii ttlat ii ro

This review Will coIIsidet the' i titui ehietelnci lv

Gunnther, Jsin ;, ind Merke6r (1lP78) StI led the elect iolvto



corticosteroid hormones.

Liver changes were found as well. After exposure to 10

dB of 300-3200 Hz noise for two weeks, an increase in liver

weight was found, with more RNA soluble proteins, and no

change in DNA. Hypertrophy of special cells in the liv,,r

occurred after 4 weeks of stimulation, other chanqes were

noted in various enzyme and chemical processes as well. For

example, after a short noise exposure, an adrenalin secretion

connected with hypoglycemia was found, probably due to noise

causing metabolization of mobilized liver glycogen then,

secondarily, hypoglycemia.

Studies were also reported that found kidney changes

after noise exposure. Liver changes change the metabolic

concentration in blood, which increases the kidney work load

and therefore produces changes in kidney enzymes after noise

exposure. For example, aldosteronism and water retention

were seen in piqis ,x,s ed to 9 L113 noise for several days.

Changes in the geni talia havt been noted as well. Stu-

dies report an increase In wei;ht of ovaries, others a

decrease. The estrous cycl, In various female animals seems

to be changed by noise, and both male and female, fertility

appear to be diminished by noise exposure.

The circulatory system was also found to be susceptible

to noise exposure effects. Cardiac hypertrophy and hyper-

tension were seen after exposure to 83 dB of 20-25,000 liz

noise for three weeks. Various I:K(E changes such as changt s

in the shape of the R and T waves were observed.



Changes in blood have also been seen following nois.

exposure, with eosinophils decreasing, then increasinq in

rats, but not returning back to their original level after

exposure to 60-70 dB of 20-4800 Hz noise for one hour. Rai-

bits exposed to 102-114 dB noise for 2 weeks while, inv;,st in.:

fatty foods had increased plasma triglycerides (that wcer(,

restored to normal by injection of epinephrine).

Even immune reactions are not safe from noise effects.

Daily exposure of mice for 3 hours to 120 dB of noise causue

significant leukopenia followed by leukocytosis, and if the

animal vere injected with a virus before the noise exosure,

greater susceptibility to infection was observed. Also, mc

develop more polyomavirus tumors under noise stress than du

non-stressed mice.

Another interesting finding is that noise affects gas-

tric function. Rats, for example, develop more and more

severe ulcers after noise exposure, as do mice and ouinea

pigs. Some decrease in udder function has been found fel-

lowing noise exposure, as evidenced by a d,-crease in milk

production. Other organic effects, such as muscle tension,

are also reported. Albers et al (1978) also report effects

on behavior, for example, that long-term nighttime noise

exposure decreased the performance of chimpanzees on tasks

done during the day. Noise also reduced exploratory behav to

and increased aqgressive behavior. Albers et al (1978) then

considered noise as a stressor and concluded that it is wost

difficult to prove stressor effects because of our I miii I t ,

to quantify such effects.



Borg (1978 A, B, and C) did a seri<s of thi,- studies

rats examining peripheral vasoconst rict ion in r<s:ons< to

sound. In one study he used non-ane sthe t i zei rats , uxpose.

to 60 dB SPL broad band noi so for on, mi l isecond u to s(e-

oral hours in a free field. lie found that responses our ii

continuous stimulation slowly habituated and that the: tire

required to return to halfway normalization of arterial

pulse was more than 15 minutes. i1e also noted tlat durinu

1og stimulations pulse amplitude waxed and waned, and Ire-

guently vasoconstriction lasted beyond termi nat lon of the

stimulus for relatively shorter stimulus durations (up to io

minutes or more). Thus we see that vasoconstriction slowly

habituates to continuous 80 dB SPL noise, with much variab-

ility, "Endurability of the vasoconstriction may indicate

that sound has a permanent influence on the cardiovascular

system, (but) it is premature to speculate about harmful

effects of environmental sound other than hearing loss." ';'he

second of his three part series of studies again considered

vasoconstriction in unanesthetized rats, this time exoosed to

4 second bursts of 80 d13 SPil broad band noise with rise times

of 1, 10, or 100 msec. These stimuli were found to be ecual-

ly effective in inducing vasoconstriction, but lonuic rise

times resulted in less vasoconstriction. The author believed

the middle ear reflex could be a si inificant factor in re-

Juced vasoconsLirction with longer- riso timos. Thoso re suts

sugqest t hat impulse type sound is probably more n1oxioUs t o

wi (dl , In their envi ronme nt than cont i nuous sound o- I It,-

m ttaunt so, I nds witI Inoier rise t I s.



The last of Bor,; s sarics o 01 j i->u -s 11-S :lot

a fects of the pause characte-r: -st a s of cnrit nuou) s r,,- is<o

vaoonticlnin tlie in~anesth I z-l rat.- 1 i ca Iv

the on-off response to no: so was stud: 1. 11,oud.h tO

offset of noise was a weak Va.soaenstrict iv(, stI~lS w1

onset Of noise2 after a p~ause did" cause 'asoconstr atlion a:ld

was inciopenident of pause durations from 10-100 ms,!C. tn

ODause Curat ionls less than 10 mnsea. vasocon st r IaCt IOn s

leothan for longIer- plau ses. A 2 risec. pause onlyocua

ally caused vasoconstrict ion. Hol also notedc that a 10 v~a

roui-se caused more vasoconstriation than a 10 nisec. burst of7

noise. Thus we soo that, with regqard to vasoconstrict-,on,_

onset of the noise has more effect than offset. %-ata from

Borg's series of experimeonts can he useful in consider _ no

the possible effects of various types of noise upon .nimals

in the environment impacted by noise.

Observation of the behavior of Pacific mackeral, P~neu-

matophorus japonicos, in response to ship noise was reported

by Ieproshin (1978) . This rosearch was dlone because of the

experience of comm~ercial fishermen seeking fast swimtn,:

pelagic fish such as tuna and mackeral. They are known to

react quickly and strongly to the noise made by fi shinq

vessels and their gear by leaving the area. in this study,

schools of fish were located by sonar at distances of from

200-800 meters. When a school was located, the, vessel was

tornod so that it faced the school head on , the-n t haes ',,c;, I

approached the schoiol at 1) full; 2) maiI;or 1) slew

spee.d. Then, as soon as I-he Icoo he( ai to ic~t t 0 st,
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hIi ihly rc, activ, ti tt n , i,,ss soi 1 Ti , i , ii 1 !1

riac t iet aqai n by 4:J0- 7;Ui0 11. 1 t-I Jl, i sh 1 1 .1 ' 1
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react as far as 140 mo t 'rs away. ']h ,; also ; ,', . *, -

lation between the sarface tioueratu-e of wat i i, -

action of the fish. It was als<o founld that wo, sn Ih

caused less react ion by thc fish tLan i iI st o,, ;i i shi; s.

Nelroshi n sumriariz ed his fi tldi tlIts by sayln that in t he :or-

inq , (be fore 8 : 00 a. m. ) fish don 't react much to n1o s', ,oss-

ibly because of such factors as low Ii ht ]ev'I, and lowur

surface temperature of the water. Th.n the fISih schooil a:i]

fecd and still don't react strom;ly to nois,. But b, noon,

they have fed and react stronly to the noitse, I oht, atId

surface-water temperature comb I nat ion. In th aftornloon,

they (jo (ICe(, r and a r' ] (,ss react ive, t ltl come t Anrid by

then there is less li ;ht and aa1in i-(,act Iure. This st lilv

it I



pol nts out rathetr clarly that in order to pre:dict r <siens(

of wiil t c to noise we must consider many variables an

tihlr interaction with each other.

Another study by Borg (1979) investigated physioloqical

aspects of the effects of sound on man and animals. H. lt-

ported that short term effects of sound seem to duiend prl -

:t,.arily on acoustic ,)roperties of the sound and that we

habituate luickly to steady signals, slowly to interrupted

ones. Further, irrelevant "meaningless" sound, iiven over

a lifetime in simulation of occupational noise exposure, did

not s<ionificantly affect blood pressure, life span, or mor-

bidity. Damage to the inner ear from such exposure was seen

to be greater in hynertensive than in normo-tensive ones. 11e

further stated that sound doesn 't cause hypertension, but

hyp-rtensive individuals are more susceptible to nols, in-

duced inner ear damage. He also pointed e it that individual

differences were a sic niticanu influence on effects of nuis,-.

For example, variation in inner ear physioloovy, and blood

pressure, the range of individual differences in head and , at

canal resonances, middle ear icmpedance, and acoustic ref lex

response can each contribute up to 10 dB diffir.nc in net

input to the ear in certain frequency ranoes. Ie summar ze.

his findings by stating that no permanent harmful effects o'

meaningless irrelevant sounds were found on non-adiitor-

body Functions of rats.

La(ardere and Sperandio (1981) investigated th e .

of chanj;es in the ambi,-nt noise level on owtii e, shi!

The sorimp weoo rais ed in a sound piroo iox with amInt

1 16'



no ise levels a pp roximately those of th,,e r n ar- r-alI ha ,,t It,

arid compared to those raised at le~vels about 10 -1- lii t :

in thle f requnency r ang qe of 50-500 liz Lundo r I, eie ,ratori c:i I t ,ir

conditions. Those rai Sod in lower lteVei5 of noui so had Let t ~r

growth rates, maintained food consump.1jtion, arid werf- 1<-ss

aggressive than those raised in h iqher level of ro <

These results certainly Sugge~St possible2 neTar iv Ce 1ct a3

noise on rearing of these organisms.

Changes in plasma an-ltotension as re ,lated to t<r rrr

and noise exposure were e~xamined by Wriolht tet al ll

Angiotension II (All) is a powerful vasoconstrictor, ind raitc

were exposed to noise levels of 20 or 100 dB Sril whit, niia

at temperatures of 50 210 or 38 C . Loud (100 iB P( x-

sore at normal (21 0C) temperaturt-, and both temg ra-tiure ex:-

trCeme2s (5 0 anid 38 0 () with low (20 dB SRI,) noi se expos;Ure

resulted in marked] plasma AT I elevations. Cmn the -other hai o

the two temperature extremes (5 0 and 381 0C) plus louid (100) dli

SPL) noise exposure did not significantly affect All lvl

from those seen at 20 dB SPL normal (21 0 C) temperature.

These results suggested that separately given noise anid ten-

peratur, extremes stimulate production of All and thus vase-

constriction. This in turn seems to indicate that simulta-

neous exposure to multiple stressors-such as noise and

temperature, could signi ficantly elevate plasma catechola-

mines, and couild reduce renal response to B adreniero ic

stimuli and reduce plasma All levels.

A recent study was made of the effects of high fregqiency

noise on prenatal development and material plasma and



uterine catecholamine concentrations in mice by Cook et a]

(1982). In this experiment, mice were exposed to 112 d13

temporally cycled narrow band (18-20 K Hz) noise for 12 hoirs,

noon to midnight during either the preimplantatio:i (day -,

or postimplantation (days 6-15) gestational stage. Concur-

rently, plasma norepinephrIne (NE) and epinephrine (E1) and

uterine 'NE levels were determined. Catucholamines were mea-

sured on days 1 and 6 of the group exposed preimplantation

and on days 6, 10, and 15 of the group exposed postimplanta-

tion, as well as on days 1, 6, 10, and 15 of the control

group. Significantly lower fetal weights were found in both

the pre and postimplantation groups exposed to noise. Signi-

ficantly decreased maternal weight gain was also noted in

those groups. Significant early entire litter resorption

and more malformed fetuses were found in the group exposed

postimplantation. Uterine NE was about the same for the con-

trols and group exposed days 1-(,; but ex:)osed g-oups were

higher on days 10 and 15. In the group exposed (lays 1-6,

plasma NE and EPI levels were similar to control levels on

day 1 but were elevated by day 6. Plasma NN: was etlevat<,d en

d.ty 15 and plasma EPI elevatedl on day C in the (irop ,xiosd

on days 6-15 and "suggestive" (.03 p) .01) N1 .levat~on

occurred in the group exposed on days 1-t. "Suqiest1v,'"

overall EPl elevations occurred in both exposed rouls.

These results would seem to suuqost that. at least so00, of th(,

possible effects of noise exposure mi lit. be of c ]t 1cal im-

portance to the well beinq and viability of a hl(chs, but

not obvious in any immediate, way.
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Peterson et al (1981, 1982A, 1982B) have done a series of

studies using "realistic" sounds over long periods of time

(up to about 9 me.) to examine possible cardiovascular and

behavioral effects of noise. Monkeys were used as subjects.

He used moderately high but realistic levels of noise in a

9 month exposure (1981) and found elevations in blood pres-

sure of from 23-28% in his monkeys. These effects were not

reduced after the noise was turned off and were not accompa-

nied by loss of auditory acuity. In their next study,

Peterson et al (1982A) studied cardiovascular effects of

noise, again in monkeys. In this study, there was an 81 day

pre-exposure period where the animals were exposed only to

masking noise (48 dB A noise). Then, during a 5-6.5 month

per exposure period, the experimental group was exposed to

sound levels from 48-90 dB A over each 24 hour period, simu-

lating arising, going to work, work, lunch, work, going home,

at home, and rest levels, with an overall LEQ 2 4 of 85 dB.

They found mean blood pressure (MBP) and heart rate (IR)

elevated in the experimental animals due to the noise expo-

sure. They also saw noise induced changes in the diurnal

rhythm of BP and HR. Once the noise was turned off, 1W

dropped slightly but remained at a higher than baseline level,

while blood pressure stayed at essentially the sam, high

level reached during the final per-exposure period. These

results led Peterson et al to conclude that noise effeets

linger beyond cessation of the noise. This series e stu-

dies is notable for at least two reasons, first its i!;,, ct

realistic stimuli, i.e., sounds that arc act iil ly a i ,I



the environment, and second, for the use of long term expo-

sure and exposure temporal patterns. Certainly noise effects

research would benefit from more realistic conditions of

study like those used by Peterson et al.

One of the more important events with regard to wildlife

and noise that occurred since the last. literature review was

brought about by concern over noise related to oil exp~lora-

tion, development, and production and its possib] effect

upon arctic marine mammals. More specifically, the Alaska

Eskimo Whaling Commission (AEWC) requested the Acoustical

Society of American Coordinating Committee on Environmeintal

Acoustics (CCEA) to consider the situation and suggest

appropriate measures to insure preservation of the bowhtcdi

whale, an important cultural and economic part of Alaskan

Eskimo life. A sub-committee was appointed by CCFA to con-

sider the problem and later reported that insufficient data

existed to make firm recommendations. Then, upon fort h, r

request by the AEWC and the promise of fandinq, the, CCiLA ;(-t

up a workshop to consider all of the various aspects of the,

problem of noise effects from oil related activitios upon

arctic marine mammals. This problem, and the workshop con-

vened to address the problem, are illustrative, of the curre(nt

needs of our society with regard to detailed information

about effects of noise on wildlife, as well as the relative

paucity of scientific information that can be found that is

relevant to specific problems of this nature. Table, I pre-

sents the topics covered in the workshop, divided as they

were into three major areas, Biology and Bioacoustics, Arctic

i I €
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TABLE I

Topics Covered at Sari Diego Workshop

Biology and Bioacoustics
Marine Birds
Mammals
Bioacoustics
Behavior
Ethnobiology

Arctic Environment, Engineering, and Acoustics
Environment
Systematic Engineering Approach

Noise sources
Source Measurement Requirements
Ambient Noise
Propogation Path
Receiver

Conservation Policies and Programs
Technical Input
Assessment and Decision Points
Seismic Exploration
Regulation

Permits

Recommendations

Table I - Topics Covered at San Diego Workshop

Environment, Engineering and Acoustics, and Conservation

Policies and Programs. Participants in the workshop, all of

whom were invited on the basis of the expertise they were

expected to be able to contribute to the problem, included

native Alaskans (Eskimos), fish and wildlife biologists and

related specialists, various specialist in acoustics, inclu-

ding bioacoustics, psychoacoustics, physical acoustics, and

underwater acoustics (and perhaps more! Ed.), psychologist, phy-

siologists, government officials at all levels of the state

and federal government, many lawyers representinq different

aspects of the problem, and representatives of several facets

llI,



of the oil industry. The conclusions of the workshop, ran

in the Executive Summary of the report, are. of critical ir-

portance to all who nave an interest in th-, effects of iiois.

on wildlife because, to a g(rat deg ree, those same concl. -

sions might be made by almost any scientific, multi-disci Li-

nary panel asked to consider a coimpltx situation involvinoT

possible effects of man-made noise on wi 1(11f2. 1 heir Co)]-

clusions were, "The evi dence subrii tted at the workshop inn -

cates that existing scientific knowledie is insiffieint for

a comprehensive scientific appraisal of the' impact of ::,an.-

made noise from projected petroleum-related activity on

Arctic marine wildlife. Furthermore, based on reoort<.l

direct observations and other scienti fic data, there is i

significant likelihood of possible al .rse effcts on crtlita.r

marine birds, ringed and bearded s(,als, and bowh-.ad whales.

Some concern was also expressed about other animals, inclo-

ding the grey and beluqa whales, walrus, polar bear, spottcil

seals, fish, and lower animals in the food chain. They w,nt

on to say that "appraisal of the expected noise impact with

any degree of certainty requires much additional data on

noise sources, noise propogation in the Arctic environment,

general ambient noise conditions, physical environmental

factors, and animal response to such noise." The: report hanf

this to say about the possible offects of noist, on bowhead

and beluga whales. It is not known whether or not the popu-

lations of bowhead and buluqa wha Ls wi Li b(, Iv' 'rse l aff ec-

ted by man-made noise- and vibrat ion r-esult ini 1r)m o I:

(.11h,
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ploration and riOduct ion act1'vt i (s It :s al r(,ady 2' hdtit thalt ait

2trt- Li 1 1n

times, or under certain conditions, they re-act di ffer ,nt l2 to

nost, stimuli. Bowheads appear more wary of noise durin

sprinq as compared to their respons durinq autrigmn 0 grat len.

Feeding beluga whales are less easily displaced by boat tra-

fie than wnen they are not feeding. Information on b.,hi.vi

al responses to sound lay rnot n'eesar rIy ro ostltut, .. '

that the population, or for that matter, individuals, xliiln-

t ing a response will suffer permanent damag(e. '
' Jack N.

Lentfer, a wildlife biologist with the Alaska 0)e1arte nt ol

Fish and Game, says of the polar bear and noise, "Th<, ;r(-at-

est potential threat from acoustic disturbance is to donning

bears." He pointed out that polar bears have a relatively

low reproductive rate--.46 young/adult female/year, and that

denning is essential in the Arctic for cub survival. There-

fore, any threat to the denning mother, or disturbance that

disturbs denning, constitutes a serious threat to cub sur-

vival and therefore to the species. John J. Burns, another

Alaskan wildlife authority with the Alaska Department of Fish

and Game, reported on the biology of seals. With regard to

noise, Burns said, "Ringed seals appear susceptible to man-

made acoustic disturbances in the fast ice zone. Bearded

seals seem to show little response to continuous, low-level

sounds. However, no experimentally rigorous experiments o

this nature have been conducted on either species." A pr(-

lirnioary report of st,:dies made of the bowhead whale was mad',

by Dr. Marilyn Dahlhein from the National Marine Fish,,ries



Service, Seattle, Washin1ton. I'ho I i t I !1( -,

vat ion o f the behav io r o t inowhk au w I -: ;,,

f ro1 t he ir rest at ci %, . i ,, iL(t ;i i. ii it: ;>.

'The aer ial s,,Cr ,-ve U.Ske to WOK. F.i- H~* 2, I . . .

the survey vessel was t h,, i ti >1 .

bowheads to noise by the h, icoi ot, r ;!02 it1 it, 11 i. .

or 228 m. alt Ltulde WAS nll oto;l 111 '1C i ': 1 ' I t- .nt ha , a

displayed anl eSCoato' I a'ct Ion , !201 1~ ,: 14 , no l.:2tI;

No da ta were tiresntLed til 1,1 12 J ~ l .11':o 2-e VC c;

Possibly one- of tho ~t mor M[ 2rI 1t jn 'I oo ,)I <

Dieqo) workshop, was aioor.o-o . it L: ic t,>a,..1:

that .iava( a detalied taj-t at s, toi 22.

a better future V nowltejn an~i -aita nt

noise onl arctic mlarina vi tW t li o otlo-n 2

direct observation a-t wi ldii to bothi in t >,ii i ii

and- in the la o ao y. P ,a !1I t !1t 11 11,1 1t r -I!a

inq would include an imal <00 c0011~i ind d sti hii ,1 i, ,,!

activities related to spuCii-a ''iaht I ity snotI 'IS "1

rnatini;, denninoi, etc. t:X )ertrlmn-l efforts .4otl I2.

controlled alterot ion of th hi-nvi ronment andc iot'

behavior Under at ternd cmiit. ionn. !!,!tit ;,-ommn :t

was for biolop;ical stuidy t, ) !,oot chiti co~lokiy ii t!,-

sponse of elemenrts o)t th, to), too Oiin to! ;a iii,:. .0

ticon was aIso ttadt, !(t l~iOeo*,, nt :.;t )d!, I'll P l 1! 2

dbt litias (ot ;:-c) fo >i .' . t 1 .S2-t

absoltute, but tliasiI-d thru ;t' th t . ;tddf '

no I S ' cre( a 1so ' ' ti a i tt ~ l 1- 2 t ,t:, 0 I



FItor I trie S a II I,' I W l, r r sh o v trjI t 111 ii cI!

dp doi ~a j -1t T erk I s a Ii ( t I a lC .1 k I' 0

malin'. asp ct tS 0t no is(. ':tI its et 1f(octs i:r-t wrl ,; I I .

absenCe Of scientific data is such that for- 1'ry, I II rt

most, species we are unable to predict th, puss i , -l -

rn n o10 Much of the "cessary info-tmat io, abol ti

an ria ls themselves is miss inq , such as f 1-r1: -1(' ran-

hoairi n, threshold data, as well as ;hs ob rlcal at i 2-

iardin, thei r response to noi so at variotis t 25-.s x i, i r

JI t 1''rent Cond i tions.

'InC !LteratJ1-" s w t do at til s I i ( ii >a S

ublIc 1heaIth confc rC .c e Ic t,- t, 19 0 e l olon, _ tI w

s(ve ral Iccomniida t ions to ut Lir r-0sti- I I stut1'. I ,

first suqjested a "study of ini ivibual sp C,,, One b,- C:r,,

as individual anirrals and in social trot' a (hie'.<{ flos,

etc); sulch studies should Zxari th, .0 ac11at i C natul'. f -

quency, intensity, temporal pattern, t,tc. I of critical

events of the animal (mat Iriq, terr1tori aLitty, ilarim, ourt itr,,

etc. ) . ;o evidence can be found that th 1 a tcoMrPIiat ,(o haLs

been fol lowed, and the need for- t Ie wor, q i e-ste 1 I s as

pressi nq today as it wis in 1978 when th ,1-. ,'or1odat Icr i,,

made. This fact was noted at th San 1,i rerkirlir o:it h,

Interact to tiotwu,,n Man-Male Moi se an ! 1 it VIi at. i "Ion ,n I IC

Marine Wil Idl i fe and simi lat- teo CmMer1ilt eoies w t :I . i

second recommendation f rom trio last no r i, 1 .) 1 -

view suo ,j'sted that more cOmpil, t tKr l ,I , r . e r is( it IL

sound and of ani Mal 1),at r i1,t I t 1'Sir'* I r 'ri t ,,: . I



still is. As before, noise analyses that a" r ,s <n'y 0.:.

done cov, r only a limited freiiuency rancle and ts c' ] t

aloe{ information that miqht be relevant to many e y::al .

The reconmenda tion caled for data on the f-e t a.: nos

on a declining animal ;,opulation rwhardlys of wh. tne eoh -

lation is declining. This informatioi is 11,n'd, ! todiy. TII

next research need outl i ned in the rev ous Iteratui 11.r v w

recommended examination of the combined str-essor Cffscts

noise and other stresses on animals. Some laboratory stuli,

of multiple stressors, with noise one of the stressors, have-

been done, (Gunther et al 1978, Wiicht et al 1981). The

fifth recommendation was for both acutte and chronic stuools of

noise effects. Certainly the series of studios by Peterson

et al 1981, 1932A, 198213, provide needed information about

certain effects of loncl-term exposure. Another recommennda-

tion indicated a need for field as well as laboratory studies.

Other than the study of mackeral by Neproshin (1978) , no

field studies have been done. The need for field studies is

just as criticcal now as it was at our last conference.

Finally, a need for studies of sound propoqation in the field

was suggested. These studies are also needed today. Th is

presentation of the research needs that were voice(d at o'-ar

last conference compared to the research that has been done

since that time shows that essentially all of the ncds of

that time still exist today, and the qaps in knowledee,

necessary to deal effectively with possible effects of n<ies,

on Arctic marine wildlife, as outlined in tho report from

I . .. . . . . - -7. . , . _



the San D~iego Workshop (1981) have not yo-t b(.n I-,fi I< ii.d

We still are inadequately informeod about most fac( ts (-, ttln

effects of noise on- wildlifu and ardor uiimals.

,AcoosticaI Society of C 0 S"In <0wolrs!oO' )II1

LnterlCtiol bo't-W<' PIuno 'I I,- --I ~ 1' 10 tC L 1

1981, 84

Al2orS , 13., S.tso . '11 .' 1 MPji'
t ,I( S no01 0 o n Tl~ i jI ' i Ii t 1 . Sc, II
Suppl. 7 ri

Eu . POcr i htra 1 asocnsr 1 t ior in t~erat1:
to- SOuind . I . I)oiT ndoncu( on tImuI -,rt i oili .s ii"Ot tia

otolaryntiol . 19 78 8 L I1 7.

Peion jodul vasoconstrict ion in tile rat ii-~i-,
to sound. I. I coI nc On raIte of ch k of Sc~t,
luvu-l . ctLa -o t oIa r,. n, olI 1978 ,85

r ni inh (!ra I vasoon st r ict io n i n thoc r at :1 n ii-

sponse to sotind. I I L . Dopenulonce on !:,I so" Isnit. -

tics on rontiioos noise5. Acta-otolarvonol 1. 1978 , 3ci

Phvi, iolo lical asn"c ts or the of tc ts ofI soin:-;o!On
mnan an,' an~iimals. Ac ta-otol~ioyoo 19719, Sii-~ 3 I , 0
35.

I tdrJ . , Ilarvoy , 'A., and Blackwell, J. Efftots o' ni-
on Wt Idu toif and other onimis. EPA Reptort wilD) 300.-),
1) (c or,121 197 1.

in (Itcher, J. Eff('cts of nol so on wvildlile: A rtlvi w ot I -

:Do')orts No. 10, April 1900, pp. ( 11-(20

ili t 1on 1. lo n , H . 'Ind< .1, Ho II ]I (- kf 1
RolIIajumnpdol t- 1:~tii-~ 0 h i 1 I chlolh :I
M antI I an sI (oss I. il in hCr I n t I S Ih'm CI7
16, 293-297.

[c('a ni ,e T. an S rol I , 1 i 1 1 1" ''Oil 1000lw

orui r am biont Sur Il )1.. I cri o- t C1>0'
Cranlo(,n inn(, I7 i .- , 'o1t I' I l'. :ii

I tor 11 1981 2 24,i 70 .
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et IectC) t~ lor SeM.s-br t ted fo r pubijicat 00o 198a2
.1* Soon I an_ i b a t i oi.

I fasel ton , C ., and Aoaenste in , J . Dll.' noise
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SOME CARDIOVASCULAR AND) BEHAVIORAL. FFFFCTS OF NOISE IN
MONKEY S.

Pleterson, E. A ,Augenste in, .1.S,'1'aniis, I) C Wrner,1 nd I IcalA

L'niversity of M iamni, School of.Medic inte, M1iiamiti. lorida, I, S A

INT''RODI)UCT"IO N

Although eXtenSivelV investigated, the relitionstip betwkeen protracted nm~ic v\p-' tit,

and the cardiovascular systemi has yet to he sat isfactorilv definied (v g, l'homnpseri .t ld l i ~

As an experimental strategy for increasing our undeirstandlig: of this ri-lat inlip, mitiinl

Model rescarch offers two distinct advantages, It allows at Lreater dignc tiit conil1,h

exercised than is practical in humnan epidemniologic studies and it allows iitiet, b. ohsv Ct'\ it

over longer period(s than is practical in human lahboratory studies

IlIistoricallY, results fromt the indority if ainia I stuidies ha\ e ui~pported thI

predominantlY posit ive fintdings denived fro t h ~uil iniiepide ni ilogic s id ies (t, g getls et ill

1978) Yet, over the past five years well -designed experimtent s hii t'v ieliled I ot t i iei m iid

negative reso Its IIorg and a rpl id 1981, Borg and M oller, 1 978, K raft Sc 11 river and1( A igel a ko

1979. Turkkan, 1983, Hhitnik, 1982, and Ising, 198))

The primiary aim (if' the present stuid, %%was to deteirmine oIit her om not pit rictd

exposure to mod(erately intense levels of' noise cani sigificilntl\ elev\ite Wlood pillur IMI

human primates Secondary issues dealt with inl this stdv in\.lv subtle 1 iw t i\piiiiie it Iet

effects, heitodYtia titles underlrtg blood pressure. chli ges. 'Indi coltoll tha-~t iii( It in

magni tiidiof iloie effect,



I IEI I AIL AN D METHIODS

14.1at I t d. - I Ipt I.. of t'tor 1 ,,i-lur', can Ihe foundt In ,e~lpixo~rpr-

P.i Tca-,ri til 1-0 l"Ja to-11- t IIols)' l Tnt.al. wilrl e itIIjIeII tr esI/ 4 tilcrt
.i4iti -h i VC IS:rItit Til vII tiItt . 114 ki-r , ort MIII I lirili I int i cu ri 5ii 1 ,va- i , old it rA

I IR( ) 4 "( K OI . , f .r tu(d( In ciiipis d I x. 11peiin nvd ' I -- igt 11, e~eil-. i' 1,te

i.n hrt trioil I-Ir 1i1 to, about. Ntt-el1s tnnhe o tsi deing nithed cifm- prept oper-.
Vtpo're ptriId-A 111l,tliatiiisOt li ti'ti tt 1)150 tli- entorilanitth l t lkott>cited ih

Dutring the firi cxpi sure period,, which lasted fronm 05 to :3 iiomnthsn, ail ainittil%. v-i-
-objected to low ind constant noi,,e conditions Lesels ranged front 47 to 5:3 dBliA

Diring the per ex\pesure periods, which lasted! 3 to 9 Tniths, cont ro-. remained uinder
thi-te lowr noio- conditions wihile -xpe-rinientals wee LtIbjVCt(,d to hitzh rtie oiott on crisiti-i

h, i eodd ntoir( pi-.rdt. InI the lirnt two experimnts, stimtiluis lestl, contont an t~Iiinfg
had been adjusted to emulate a11t exposure pattern which could he TXperie'Ced hrV wrklec- III a

rt.isv industrvov er the course ofart entired dtiv In fte last the xermns nix that epi-ili,
'workplace noise', which earlier had prixen to he mtost effective, in) altering bilood pis-uri %%;i-
retained .Across all epi~.odes iTntI forms. of stimnulus, animials were expos;ed to iailki rc

energy levels t l.V([24I ranging frtin 85 to 91)dl
Duiring post exposure periods, which ltisted 0) 5 to 4 months all animals were

uhjvcted to low noise cond it ion

ENVIRONME'NTI: In .iew ot' the strong infltuence they can exert on rardiovasculotr
ftunction. environmental hictors, incluiding temperature, relitnie htnniditr. I illtiitiatioi.
ftimes, external noise and itijnin contact were either miiniized tor mtaintained within niarrity
limnits. as apptropriate. and carefulir monitored

D)ATA ACQUISITION: Output front various sensors associated with each animial %ixere
mionitoredl -equenitiaiv lIn all experimients hut the first, dwell timie was eight seconds, cit-r
two mn utes 'Phi rt "v, 8-second mnea sire men t samntpl es were thus acqu ired fromn eatch aii l
each hour tOnly the mean, standard deviation and niimher of hourly nieasuremients \,,"re
surnmarized anti saved on disc for nfl-line analyses Statements oif' iariahilit v anrd popuiti ii

niean estimates. deccribhed below i are based onr the st andaiird devi at inns derived in t hi, ira r
Card iotaseti a r parameters i nc- ling systolic. di ast ol ic. and mean hlood Pressutre, pIii Se

pressure, heart rate, heart rate tinting ctrnsistenct , .heart rate distrihution. and rate prv-.-lr-
product were all derived from the pressure puilse waveformn in one stud. stroli d0iLiIme.

carrdiac output arnd total peripheral resistance were derived from the aortic blooid flow
waveform. Other varriahles including sound level, temperature and movemrent were also
cont inunalIly mon i hred. O ve r the course of etch experiment 10 5 to I0 r iie sure tire nt soin plres
were ohtained from each animial and for- each variable.

R E SU LT1S
OVEIRALL: fahle I surnnmarizes t he results for mteani arterial pressiure ( MAPj) froit four

experimientatl phases of the I)niversitY of' Miami projiect. As can Ibe seen, MAI' for aiiails

uinder trw noise cionditionis texcluidinig prs itieps7ep6odtrette 2 torr MA I' for

itlrriils exposed it) high noise levls averagedl 99 8 ttr-r Within vsjitrirritrital m~itakitis re ti

let espostii. period tictaes ixtriged 27 5"; Althitigh there liio i In iridi itiihiduoll



differences in our studies, no animal chronically exposed to noise has failed to inanifest an

increase in MAI' from baseline levels. Further, during the per exposure periods NMAI finr

e xperi mental,., ave raged 33 7 highe r than that for Sitni 0 ta neil LS v run eon trl Inte l r ijt ed

time series analyses, applied to in tra -subject cia ti and repeateid measure ri'sria lvsea of a ri a nc

applied to inte r -group data from i nd ixidlual ex peri mernts bare revaled hig his igriii cant

differencesi related to high noise conditions.

TAB[LE I
RESULTS FROM UNIVERSITY OF MIAMI PROJECT

MEAN ARTERIAL PRESSU RE iTORKi

Phase la

Experimental 79 3. S 4 ur 101sir - 3A 22'te
Control 82 ± 3.0 19 24

Phase It
Experimental 74 ±2.6 102 ± 3.0 28g 3s
Controil 70 ±2.7 70 ± 28 32 4(i

Phase III
Experirena 85±249o±2S i 12
Control n 524 76 ± 2.5 952d

Phase IV
Experimental 77 ±2.4 101 ±2.3f '4'i
Control e 73 + 2 2 28:38

X. Low Noise 76.2 X,,. 27 5%. Hang, 12 38s
X. High Noise 99.8 X ~3: 04. Rn ge,' 23 46

a. M. Mu"latta; b. 0.95 confidence limits9 about the mean; c. pooled froim true iher xprrinn,.N -12:2 d ncirls4
and 8 boor daily exposures; e. controils entered experiment at unset ot' Pri -j)iorv pvriod. Irn-I kid-c Titi.rdiltairest periods

D)IURNAL. RHIYT1HM: lIi addition to thce( gross ibtirives, liwe,.er. nwire -.. ile,*rr. a,

ii'ciirretl Fir exaimple, in iXlptri Iriietl it h&is', [ andi I I we tiirird t hat hirilng hi ja..sir.rr

perioid t he diurnal rhythmii MAP1 %,,a., ,o itir t hat it h'it ire hili ll ,rirelatihd xitii IrruiriI

variations in stimulus level (r -0,82, p < 0(11 in Phase 1).

In phase Ill only the work place episoide was presented, for either 4 iir 8 hours, per day,

across a total oif seven noise-exposure sessions Diurnal rhythmn of MAP' fir birth expoised

anilials in this phase was mordified not only over exposuire sessionrs but river randuomly

interpolated, low-noise rest sess ions and over at large se grlon riI f tie fouxir iiijith post ex po. iirv

period its well. Suich results point to the str-ong iriflueicoe xertedl oil blioil pressure it-iilai n

by the workplace noise. Toi illustrate. Figure I rA displaYs



Fig. I Phase III. Diurnal rh - thin otnit-an arterial prvs~ute i MAP) (ar-
v per il enta i an i tnlilIs - Sc era I epochs are shown

the ave raged, hour v trenrd if MAP rot the t wot exposedl animals dui ring I he piae vxpa aaare perid

TIhe patterna was; c'haracte rized bk a mid al aa coraonaait a. coup led with Ii a i age peak a ss c iated

with routine tednCleaning and g.entlinag acti,.it its Both the activities arid the elevationi ina

MAP~ unrgeriaered hv' t hem were Commiaoni to all a'xpef iirientail periods and ad) alnidas FiLuras

11 miaad C show, the diurnal rho.hit alair)L iv h I and 8 hourir c\poaauaca ,a.sara' a-.act 'evv

MAP was clearlY a'la'.ata'alduring ae'poaa. u,aa turialm in hluatl casao it was clsaly aLtavd to thlt

pattern il'worla placa' rui-a iritatrl I.t ''Sa -a-a ua hl. li'iiaa' 11), I. ho.,, Owta d i I1

Althoutgh tia lara r- ri v ,a ai ai up-ata at fpa.t I hura anld ia-tIt hlaar\aaara -.a-101ii it

the dutraral pattern vstrahlis;hd durinly the fainal 8 haair aaxpaa)aar ,e-ioaans Bo, coartras t, Figulre

F may demaanstrate partial adaptatiaon aft'th charaga'. aarpaod tat thia. ealaaaaaar anal a rava-r'uaa

to basealine, aven thoagh MAP) wa.. .a0 il -Illaficaritio I'elavata'd t'raant tara aaa -iira %atrias atA5 %.s

95 taarr, p - 05

H'IFMOI)YNAM~I("S: 'Iha laanv ftarota haaaava caiahanaga' .- o.oa4t'd with tha Waoaad lna'.'.urt'

ahanges wa, uiaalaraailv a.taia''a' ina 'xpa-aa'd ;aiirral'. a,a da c-aaaa'-ibaalla 'liril wri~t In la



fourth experiment we measured cardiac out put ((CO) stroke volurne ISV) and tiita) p.ripheral

resistance I iTR), in addition to MAI' and heart rate (11R), for imore than 1 .4 fminths in ano

experimental animal, "TFeri" D~uring this time we also measured these paranivters taor One to

two months in two control an imals Cont rol animial valures forr CO were I I',, higher than th, '-a

for Tori under low noise conditions (855 vs 772 tId/min)

PERI-NOISE TRENDS,
TERI )
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Fig. 2 - Phase IV Peni no: wc 91) il~iv t trends 'cardiac ourtput (CO dlashed lilies)

andc total peripherial ii'5,tance CItR. -ouli int, fm e\pvrimenId l nilnil.

Figure 2 indicates pori nise trr'ndk of I' lit Indi tI for leni After an it iIA ierimid

instahrlitv. the suirgically ,inp)lanted lw pni- hfi- properly -erted rmind Terirn

asendinV aorta andt Ihere-after it provIded a1 yr il;Iii flw. *.ur ii;1l llle4 (Loa 11'11 in I

lime indicatv thakt diiring the last 15 it.i, oft hitie ipu iluriiid. UI n) If-i ,ii lnine

while lIPI( tended ti derevit. ligl Wit In nvt i,) III. wunk~icrc Aii hi prnn- % iil th

piar,mioters iiiani-.tvd phatn. iharrrg. Fir ) -n rv It -slivhtk Is l %.I-,s fulliwiut lit

.I hrr uincruinu in (I I . iiiiirpin dI.rt iv a h.lnirp d I r'f Iu I'( l110t I )rrrT1ir-. S iirl

-i riil~rd midthen Owi Irl i.t .1 uirat (It Hii 1numn wd u1iiiuIill it RI-c nTiiiiil

\11 tint thi- m 111 ,,unlsi- in-I - i- IT ? ho 'd!i IW, I.iu-" liuuldin i .. v n ih I .,l~i ti--ikr s(.s in d u

three inler itigitlrtnt ;Nc-t n-spoitr pc-imsk Iiun tii hAmnts or Fim, ofi thei rrdii isirilar

p~ntnni*r- -nnrl-dir ,wIf Fii:uir. I Nt Irtin lhit the t uii.iiisrgIvrn iniiinid to
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Fig 3- Phase IV Long term trends of five cardiovasculIa r pariiuetfirs oII~II-u Ieil In

experimental animal lIeri

implant the nlow sensor was not a benign procedure for this animial This was sugge-sted by the

1:3 torr increase in MAP after Surgery This, in turn. inav implY siir degree of *oirgicaii

recovery-noise effect interact ion. Ile that its it may, within each of th ree I \ po (,ii pi riodis \1 AP

rose significantly over both pre-surgery and post surgery levels Typicallv, it fillupitdI

during the interleaved post exposure periodsh; vrl rn erlr oko i t~-.thi

appearance. As can be seen, long term correlation lietweeri MAP and lwoart rate %a 1,-w.

bretween NIAP and SV or CO high, hut negative, anrd between MIAP and'lhiglyl p-oiti~v

FIEAR'r RATE ISTRIBUTFION: At the Ireiburi' Congress. king 1197R, rwi-i

communcation) shared the results froml at pilot ttudv inl %i hi he( deteroirond - in ai rig It' pig,

the distribution of the differences in ald Jaet 1 to It wave, mnt r\als uinder bth Ii 1t anid tIos.%

iriditonsI Lq 2 -9Odl Fgue 4 is adapted fromt initirio io n pro% ilid Ilieni In Ising It

.shows the two distributions, based in at -;ample (itf 12,0001 ho-ii Not( I hat I tie ilifferences "4-1ri-

distributed with negative skew under noisy conditions

In our experience, lif per seha not bee vo'~clYatrd by noise present at Ion but

given impetus, by lxi ng's preliminary data, we atteri Pt id Ito de latn l rate I hat mrr uit leI
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Fig 4 - Distribution ofdifferences in inter beat intervals under condition, Ol 9111-)

and noise. Adapted from [sing, 1978.

aspects of cardiac pacing regulation can be affected by noise We have alreadNl r eported oin onie

of the ways heat-by -heat cardiac pacing can be influenced (cf. Peterson et it] , 1983)

SUbsequent studies have revealed that distinctive changes can also occur in the di~i rihot ion of

lil value,;. The long-term results fromt phase IV are illustrated in Figure 5 Ill? and lilth

di str ibut ion were compa red in two x per imeniita I and two simuliita neously ruii conttrol aimls 

during the three exposure periods shown in Figiure 3. As can be seen, lilt was significantly

L-L I LL I-L 1 -1 L-1 ALI

ici-iss threei txpo-liort 114-1 tsss ( lii d h ilkk

high r i ex vri ien al i mia n hlr i. I h t nivf h n i ;1 (.1111Tol.1tlmo , I-,.



the relation bet v I. l tthe' twoi I I It( iit tI I t iI it to IT II I thi Itl ( tt i l 1 1  -. 1 - it I.t l

displayed a positively skewed distribution while the high noise initnia:s displaty4d at titgat I H

skewed one ( + 0 46 vs.-0 40, respecti vA'l v 'I'ht s is shown iI na ain portiotn of ligure Ft

STIMULUS CONTROL, A mi' OT s'ri'U r): hroughOLut the( four expertiments disvucdt.ti

above, exposed animals were unable to control stimulus timing tor level Since liack of cont ri in

thumans is said to ex acerhate noise effects Ic. f CoShen. 1980), this feat iire'of our pro tocol mI, at

least partially, account for the robust changes tin blood pressure we ciiise1oisrvti

tetthis hypothesis in a fifth experiment, we provided an exposed animal with I .. p

instrumental means (a single lever-press) for stubstantially lowering stimulus liti r ,tw.

minute

After a 30-daY baseline and training period, the subject, I londly was p)resentedl, 8 hwy.

per day, with the workplace noise set at 77 to I112dI3 peak SPI. Average siiind emrtl-g I-si-I.

I.eq2 4 was 84 5dB Average energy during exposure I,ceqs was 89.5dBl Ibis was ilTnilmir

previously used exposure levels Atte nuaition atchierved with each lever press wi>, tlilI- 1tIi

10), 15 or 20dB Ouring the first 22 days st imolus levels were set to I 02dB -it-ia . 'tS)I

Thereafter, presentation of level attenuation coimbinat ions wai(s coutetnr bhbit-ed

'rhis animal rather quickly establishted stimulus orienttl rvspioni' stratvgic,' llh.it -

she generally reacted inore vigorously antI rapidly tinder host' circumtstane, w~w-n HIT. no,.

was more intense and/or when attenutioitn was gri-itir Atal' lii')I. ri'5)ttwl -1,i itt-ti

defined as the time between inset ofnmaxilniumni le tin) the f-irst let er pre-', was 4;1t - 1t

for higher noise levels than loiwer .inies 119 i 3 7 vs 19) 13s5-twond,) It wats -' TI I i

with greater than with less attentiat ion 1 15 ' :1 1 %, 52 ' 1.1 0 -iitd-l

F~igure 6 presents average latencies across the range, if siti i level .1it tt-oitni..

Since latency wa~s shoirter at the same stimulus e(vfil when ilnutliis ,ttiitttatitin wit, gri-ifti.

total t nik t the reduced revel wa1tstiiir'idan 1tsir'thrlynit i ttd
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'I'llhe re markahle orderi iness; of this ailnial' i-e aponi ss cirr lie fuirl he.'r e'xei tpli'lid liv thle

change, in the frequte ncy distr ihutioun of late ne jes 1 that accomitpaied c' h ~ang ~ing p t im l us

conditions. F~igure 7 indicates the shift troin shir-tr (0 to 19 ueconids t i longier (20t to i

seconds) latencieshloth as riaxiniuni ,ti intIilevel ot a tittitti were dv-i'iriad

The analysis oft he ratio uf'latericies less aIt h t scid u hti rte tamt-c d

anrd of latencies greatter thant 10ll aeccils, Aovi~n in Fipttri S, clear-' (Iciilrisltrates t ht, hifl

IM Em w

H . Ila . 1 qkv c ditilIt'm -t E1(144E l( -U olu t] II



Fig. 8 - Phase V Latency shifts across stimulus conditions I i) Ratio of short to
long latenicies hb) Latencies greater than I100 second

In add it ion to these be ha c oral observations, blood pnVI ore was con tinuta llv tot oI (A

before and dlur ing 4,5 da~ 5' ex pesure lFromn the pre to the per expose e per iod, VlAl' Iir this

animal rose 6 6 torr (78 + 2) :3vs 85 -'2 4 terr) Al though it was signilount (p) -051 I,

chiange was consitlerabic smialler than hid been imantifested bw other iniuls timiil\ i-\posud

in our studies

CONCLUWS IONS

The results of five long termn uxperiinents strongly suggest bhat tlit tiuirulm-ttd i-liu

we addressed in this work niav be answerecd in the atfirniativi Thatt is, mtoolr cur tot n -H

controlled conditions, chronic ex posure to niudetatek tioeume tlime cii prouiu ht~utl t'-

pressure sdevoktions in non human priniatis Itev.ond Iris. htoveter. %i tulul -- I oh, I

I iportant issues, \A, ich bear on th114 case.,; lor a i tu ;aI rclao rnhip lit -aui0 '. d

cardiovascular function

AFT'ER-EFFE:CTS AN 1) A1)APT'ATIION In ill ourL prneu nit re( itlI Il

the level and diurnal rhythor of blood pusIi linger. , to 'oro tdogrre 14 'Ittt ! ,0i!.

actual e xposture . Although they an, long lust iiig tho moiutti icut to iutptu.ed ptltit i- a ttt

ft be Fermurirt~ [ ir r our exper mtenta I . oni uuruu mot c ,ibut I p,- I u

punticutarlv pa.ttvrinsuuf diurnial rt lurrr ftidulto run -t mui h.1-1111tt 'i r ta u

liuut cex-iutro. i.~u-t though gro-cr huuiuu -i Im tuu 0id u-I u--1r1 't

I1 t I~ v t - 'l .p - I l i 1 1 - t lc .11 i~ l IIi - 11 " '1 '1 1 ' 1 1



nI i f IfII I I ir I ii ~ uI t I .I I II - Ii ii , I i ir. 11 11 1r 11 111 j f

fr I tr I I I lir I I i I. fil.- i OI1 1 i 1 1 n 1 i I I I irtf ri ri 1 -in 1 ~ 1r 1 H

tif the i not ropic oir chrrrrirt rrfpic pi .pert ivsl I the heart This crrliiilui. ri-till, rtI"'i-iilr-

because neithter hear t rate norr -tr-rfue %rfuine based m creanies ii cardiacmrut utru-rnr-rrl

it the presencel d noise [he impvrtlirire of -it hi factIors such a-, (Iiifi pt ii nt' I fih,-i

balance has not bevnr-.,essediri or st udies

iNH-AN(ING (50N1)III(NS: Conrsidra~ble cidifick bvrrrirui onl iitriiirrri Ir

noiious e iii rr coniditir'ii fpresintfv C!xistl, iII keeinig ikithi a htic rouprr -d (r'1riiri

"v' observed in lihaisi V that an animal prrrvitei .wh atf iiirf and ii,;- : . . ....

amptlirrrt ig rirrr- vxpornie ( -, rrrrd 1)1rr(rd fires;u !rdc iairri or IIII . piI" 1

considerablN smaller than tfiiise orf similarlY expr-rui trrhi~I. rt didn !it hj\ .-I!

Conronl I t ta etn.trt pasuiev receitii rl,t he rrrir- nrr ri rt f I

Iflod prv.-'srni we prval rb,(eivd f'lie -.tjniirlrr rclatcd Irnitrfi rfi

to( i II In IIIi I e I )(fIrsI Il r ene 1 .) i- Ir i10rt 1' thr;iIfvIr rif t h I - . rc i Ir Ir Ir Ilr Ir ..

urbhrcrncept,, ;Is "anniral r'-rr IIIlile. Ir IrIrti

All in all the -xprimi -Ii~r1 rirrdro rf, ir-frr'ir for tfI, hlr rmi. fIr' frI i I i

a few of, tl h i- ra S if] Whichb IrrI IIr( If IIlII -iitlrrri-rI, Ift frf , Iii I. t , r I r'I I fI t i. I II i- .

(rontrai~ ctr-i% Foidiri 4,; firom i lrher Iifrit~r- ~ fr hp hrm 1 irK' rr ir ,

differeirces fbi-v may trl-r hr dfur Iii i intri-i rn 6s ir 4 rh.fn dt' fr i 0-o - %kr b...

rrrii pe X it N.rrf nli- r Iirirr~ I IIIa I rrr

RE FFRPFNCUES

r\lgerr, it , Fkesfrrr I iiii St rrinirhvr S 1 978 ' The nImpfart 'rf ririrr I11irrr r 1-r i1 .1 r H r "

hrealth Ania Vet S*c'AtdSuir 1 7, I 2f;
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THE NON-AJDITORY EFFECTS OF NOISE ON THE BABOON.

Turkkan, J.S., Hienz, R.D. and Harris, A.H.

Department of Psychiatry and Behavioral Sciences, The Johns Hopkins
University School of Medicine, Baltimore, Maryland

INTRODUCTION

There is increasing concern that environmental noise has adverse

effects on health beyond those directly associated with the auditory

nervous system, such as various forms of cardiovascular disease,

reproductive dysfunction, and changes in immune response (Hattis and

Richardson, 1980; Welch, 1973). The ubiquity of moderate to high

environmental noise levels, along with the high prevalence of

cardiovascular disease in modern society, argues for special attention to

the relationship between noise and cardiovascular health. In the studies

of the cardiovascular effects of industrial noise on humans, questions of

design have arisen, focusing on the lack of controls for non-workplace

noise levels and on the confounding of noise with other stimuli such as

vibration, heat, poor ventilation, or even the anxiety of workina with

heavy machinery (Kryter, 1972; Thompson, 1981).

Numerous experimental studies have been conducted with animals to

control for such problems. Among non-human primates, rhesus monkeys

(Peterson, Augenstein, Tanis, and Augenstein, 1q81) have shown significant

elevations in blood pressure when exposed to noise levels of 71-1() dRA.



Peterson et al 19 13 found that when rhesus monkeys were exposed to a

sequence of noise episodes that approximated the daily pattern of noise to

which an industrial worker miqt be exposed lLEQ?a=?4-P5 nS'A, rarked

elevations in Plood pressure were found (2?Q  increase) within a nonth oC

noise exposure, which then stabilized. These -ardiovascular chantes

occurred in the absence of any detectable c,3.,Hes In the functionino of

the auditory system as assessed by brainstem evoked response audiometry.

Thus, certain aspects of cardiovascular function may he a tered after

relatively lonq periods of exposure to a realistic noise sequence, the

alterations being "extra-auditory" in that they occur in the absence of

any known effect upon the auditory system. In the present experiment,

another species of non-human primates was exposed to P-hr daily industriel

noise episodes at intensities that predispose Organisms to such

extra-auditory" chanqes.

MATERIAL AND MJETHOnDS

General Procedure. Operant conditioning methods were used to train male
baboons to perfrrm a standard auditory )sychoohvsical procedure (Hienz,
Turkkan, and Har, s, 1982; Pfinqst, Hienz, and Miller, 10 5) in order to
obtain accurate estimates of their baseline hearing sensitivity. Animals
were then surgically prepared with catheters for blood pressure and heart
rate monitoring, and remained in resting conditions until baseline
cardiovascular levels stabilized. Following stabilization, animals were
exposed to the 8-hr/day industrial noise sequence for periods ranqinq from
4 days to 4 months. Noise was then terminated, with cardiovascular levels
monitored for an additional two weeks. To redetermine the integrity of
the auditory system, auditory threshold testing was repeated at octave
frequencies ranging from 500 Hz to 16 kHz. Throughout all experimental
stages, plasma was collected for determinations of plasma catecholamine
levels as an index of sympathetic nervous activity prior to and during
noise exposure.

Four sub-adult male baboons (Papio cynocephalus) weighinq

approximately 20 kg were used. Subjects were maintained on a restricted
22-hr feeding schedule during auditory threshold testing. During noise
exposure, they were fed twice a day, 6-7 hours apart. Raboons were housed
separately in specially designed acoustic chambers with inside dimensions
of I m X 1.3 m X 1.7 m. Total attenuation between chambers ranged from 60
d at ?5 Hz to >100 dR at 2 kHz and above. Durinq auditory threshold
testing animals responded on an intelligence panel within each chamber,



which contained a response lever, a cue liqht, and a tube feeder for
delivery of food pellets. Additionally, a wide-ranqe acoustic driver
located 80.5 cm above ear level of the subjects was used to deliver pure
tones durinq auditory threshold testinq, and to deliver industrial noise
durinoi the noise exposure sequence. The industrial noise employed was the
'ple dri ver" sequence of Peterson et al . ( 1091) , played from a
reel-to-reel tape recorder. The noise sequence consisted of pile-driver
impacts occurrinq about R2 times per minute in the presence of backqround
constructio; noise. Predominant enerqv peaks of the impact noise occurred
at 500-700 Hz. Noise intensity is expressed as the A-weiqhted averaqe
enerqy equivalent level. Exposure intensities examined were 83, Q3, and
q7 dRA. The tape-recorded noise sequence was electronically filtered to
match the spectral characteristics of the noise sequence as employed in
the Peterson et al. (1QI study.

To measure continuous arterial pressure, each baboon was surqically
prepared with a silicone-coated polyvinyl catheter implanted in the
femoral artery and advanced to just above the iliac bifurcation. The
distal end of tne catheter was tunnelled under the skin, exited in the
interscapular reqion, and then connected to a Statham strain qane
transducer. The blood pressure waveform was displayed on a polyaraph, and
was also converted to diqital units by a microprocessor that scanned the
waveform at 333 samples Per second. Systolic and diastolic blood
pressure, and interbeat interval (used as the heart rate measure) were
obtained at each heart beat.

Followinq initial surciery, each animal was exposed to a constant
maskinq (white) noise at 53 dBA to establish a pre-exposure baseline of
cardiovascular measures. Typically two or three weeks were required to
establish a blood pressure baseline within 5-10 mm Hq of daily variability
that showed no systematic trends. Followino baseline stahility, animals
were exposed to the noise sequence. Baboon MA received 17 weeks of
exposure to the 3-hr daily noise episode at 83 dRA, 2 weeks of post-noise
recovery, and I week of behavioral testinq for hearinq loss. Due to a
lack of clear blood pressure elevations durina noise exposure at 93 dRA,
this animal was reestablished at baseline cardiovascular levels and then
exposed to 1 week of daily R-hr noise episodes at 03 dRA, followed by 4
weeks of exposure at q7 dBA, I week )f post-noise recovery, and ? weeks of
behavioral hearinq retests. Baboons SI and MI were exposed to the 0-hr
daily noise episodes at 07 dBA, while Baboon AL served as a no-noise
control and received the constant 53 dRA maskinq noise for three months.
Only data from the acute effects of noise exposure are available for
Baboon SI.

RESULTS

Acute Effects of Noise. Pronounced cardiovascular effects were observed

on the first day of initial exposure to noise at 7 dRA for Baboons MI and

SI. Both animals showed elevated blood pressures and increased heart

rates within the first 10 minutes of noise exposure. Systolic and



diastolic pressure chanqes peaked at about 50 and 30 mm Hq, respectively,

within the first hour followinq noise onset. Heart rate increases

likewise peaked durinq the first hour after noise cnset, with interbeat

interval (IBI) values reduced by 42-56 msec. r)verall duration of these

acute effects of noise onset was about 4 hours for both animals. ahoon

MA, whose initial noise exposure was at 83 dRA, showed no discernible

effects during day I of noise, but cardiovascular increases became

prominent with further exposure. A comparison of the 3 exposure

intensities this animal received revealed that maqnitude of blood pressure

response was directly related to noise intensity.

For the two animals whose initial exposure to noise was at q7 dRA (MI

and SI), a minute-by-minute analysis of cardiovascular changes was

performed for the 4 minutes prior to and followinq noise onset on the

first day of exposure. Both animals showed immediate increases in

systolic and diastolic pressures, as well as heart rate, followinq noise

onset (Figure 1). These elevations occurred within the.first minute after

noise and continued to rise thereafter. Systolic and diastolic pressurer

increased by approximately 22 and 12 mm Hq, respectively, while R11

decreased by about 350 msec, representinq a heart rate increase of 54

beats/min. Figure 2 shows minute-by-minute cardiovascular chanqes

averaged over consecutive weeks of exposure for Baboon MA's first exposure

to noise at 83 dBA. Diastolic blood pressure increased immediately after

noise onset in the early weeks of exposure, and then qradually diminished

over the 17-wk noise exposure period, suggesting habituation to the acute

effects of noise over the course of the experiment. Habituation to noise

onset effects was also evident at the 7 dIA noise intensity in this

subject and in Baboon MI. First indications of habituation appeared after

about 5-6 weeks of noise exposure, suqqestina a possibly shorter time

On-
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course of habituation at this higher noise level. Acute changes in

interbeat interval did not habituate as quickly as did changes in blood

pressure.

Chronic Effects of Noise. Although transient increases in blood pressure

and heart rate were obtained early in the noise-exposure history of each

subject, the chronic effect of continued noise exposure was to lower blood

pressure and heart rate. Figure 3 demonstrates this lowering for two

97 dBA

- 75r BABOON M; 400-

S65[ *Ox 600D

I 55 < 800 L
0. C-_ __ _

1 2 3 4 w 1 2 3 4 

0 70 BABOON MA Z 
80 0r

-I-

6o a. ,1,0 , ooo , "
- 0

0)0
50 12001

IS- 1 3 -4 1E- -2 3 4
SB SUCCESSIVE WEEKS "o"'

Fig. 3 - Successive weeks of exposure to noise at 97 dBA, showing weekly
averages of diastolic pressure and interbeat interval for two
baboons. Close and open data points represent, respectively,
noise-on and post-noise periods, both 8 hrs duration.

subjects exposed to noise at 97 dBA for 4-5 weeks. Within the first week

of noise exposure, diastolic blood pressure during noise (closed data

points) dropped 2-5 mm Hg, with the largest drops (6 and 1? mm Hq)

occurring after three weeks. The largest heart rate decreases were about

10 BPM (80-100 msec decreases in IRI). In the 8 hours following daily

noise offset (open data points), decreases were also apparent in diastolic

pressures, showing an overall drop of about 5-12 mm Hq. Rlood pressures

and heart rates were similarly reduced in Rahoon MA who received noise

exposure at R3 dRA.

* I'



High performance liquid chromatography assays of plasma

catecholamines for Baboon MA revealed that in the first week of noise

exposure epinephrine and norepinephrine levels showed ittle channe.

After a month of noise exposure, however, catecholamine levels were

suppressed below baseline, with norepinephrine and epinephrine values

falling by 221 and 44 pg/ml, respectively, representinq decreases of

55-65%. Decreases in the cardiovascular parameters were also apparent at

this time, with systolic pressure decreased by 15t, and diastolic pressure

and heart rate decreased by 30%.

A closer examination of within-day cardiovascular trends is shown in

Figure 4, which plots weekly averaqes of hourly diastolic blood pressures

for 24-hr periods, with black bars depicting noise-exposure Periods. The

diastolic pressure curve for the final pre-noise week (dashed lines) is

superimposed on each noise function for comparison. After noise exposure

at 83 dBA, decreases in diastolic blood pressure were initially apparent

only during and immediately preceding the noise-on period. After 12

weeks, blood pressure was lowered for approximately 16 hours of the day,

again in the period during and immediately preceding noise. After 16

weeks of noise exposure, pressures were lowered throuqhout the day

relative to the pre-noise levels. By the second week after noise

termination, blood pressures returned to baseline (ore-noise) levels in

the late evening and early morning hours, and were approaching baseline

levels during the former noise-exposure hours. Heart rates (not shown)

followed similar daily patterns. Overall decreases in blood pressure also

occurred at 97 dBA for Baboons MA and MI (not shown), with both of these

animals showing pressure decreases after about 4 weeks of noise exposure,

a shorter time period than that required to produce the overall pressure
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lowering at 83 dBA. Baboon AL, who received only masking noise at 53 dRA

did not exhibit lowered blood pressures or heart rates over a 3 month

period.

The data in Figure 4 and from other subjects suqqested that the

cardiovascular effects of noise may have been obscured by the morning

meal, which in the pre-noise curve can be seen to generate blood pressure

(and heart rate) increases. Accordingly, in the fifth week of noise

exposure for Baboon MI, the routine daily meal was qiven at 4 PM, three

hours after noise offset. The result of movinq the feeding hour to the

afternoon was to eliminate the AM blood pressure and heart rate rise, and

indeed to produce a siqht lowering (4 mm Hq diastolic) over the initial ?

hours of noise onset.

Pure-tone behavioral thresholds were obtained at the octave

frequencies from 250 Hz to 16.0 kHz for Baboon MA after his 16-week

exposure at 83 dBA, and for Baboons MA and SI followinq their q7 dPA

exposure. All thresholds approximated normal pre-exposure threshold

levels, indicating no permanent effects of the noise exposures on basic

auditory acuity.

CONCLUSIONS

The results of the present study indicate that exposure to realistic

levels of industrial noise produce acute increases in pressure and heart

rate within the first minute after noise onset. The acute noise exposure

effects appeared to be related to the maqnitude of the noise intensity,

being observed during the first day at Q7 dRA, not present on day I at 93

dRA, and appearing qradually over the first week at A3 dBA. Further, a

dose-effect relationship was demonstrated between noise intensity and

diastolic pressure increase for the first week at 83, 03, and (7 dPA. The



time course of habituation of acute cardiovascular effects appeared to N-

inversely related to noise intensity. These data lend support tO the

suggestions of others (e.q., Rorg and Moller, Id) that organisms MaV

habituate to at least some of the lonq-term effects of noise expos.lre.

The chronic noise-induced decreases in blood 1pressure, heart ratf,

and catecholamines have little parallel in the literature, where 1'. Jt

majority of both human and animal studies have shown either no chan'.

(e.g., Malchaire and Mullier, 1971; Rorq and Moller, I 7!) or increases

cardiovascular and hormonal levels (Hattis and Richardson, 109f). !t: has

been suggested, however, that younqer humans may respond to chro(ic nolse

with a lowering of blood pressure (Welch, cited in Hattis and Richa,'lsn,,

1980). The use of sub-adult bahoons in the present study is suqqestive in

this connection, and may account for the differences in cardiovasCuta

effect between the present study and the similar study of Peterson et 1.

who used relatively old (5-8 year old) rhesus monkeys.

Significant correlations between plasma noreninephrine and blood

pressure level have been previously reported in baboons ((oldstein,

Harris, Izzo, Turkkan and Keiser, 1qR1). In this studv as well, plasma

norepinephrine and epinephrine were decreased in coniunction with blood

pressure decreases, pointing to an overall decrease in adreneroi, a(tivitv

(and a possible increase in vagal tone, as suggested hy the correlated

lowering of heart rate levels). A recent study (Andren, Hansson,

Bjorkman, and Jonsson, 1980) indicates a more inotronic than chronotronic

influence of noise in that significant decreases in stroke volume and

cardiac output were obtained in the absence of siqnificant chanqe in heart

rate in human subjects (26 years old) exposed to Q5 dRA noise.

Because anticipatory blood pressure and heart rate increases were

apparent prior to feeding times, meal times were manipulated in Rahoon MI



to examine the possibility that food-induced cardiovascular changes were

masking the noise onset and offset effects. When morning feeding was

eliminated (total daily food was kept constant), noise onset resulted in

an acute blood pressure decrease, suggesting that the hypotensive effects

of noise may be heightened by careful consideration of noise expostire

times in relation to feeding times. The possibility also exists that

noise assumed the properties of a conditional stimulus (CS) for food,

resulting from the daily regularity of the noise onset - food presentation

interval. Acute blood pressure increases as conditional responses to

food-related stimuli have been reported previously in the monkey (Billman,

Hasson, and Randall, 1978). The notion that an extremely intense stimulus

such as noise cannot act as a CS is contradicted hv the

counterconditioninq literature where it has been shown, for example, that

an intense electric shock results in salivation in dops when shock

regularly predicts food (Frolov, cited by Pavlov, 1927). Thus, the acute

blood pressure increases observed during the noise onset - food

presentation interval may have been conditioned responses, a suqqestion

strengthened by the finding that when food was eliminated, the pressure

increases during that interval were also eliminated.

In all, these studies point to a more complex effect of noise on the

cardiovascular and hormonal systems than has been hitherto suqested.

Although the amount of controlled animal experimentation in this area is

growing, many aspects of the non-auditory effects of noise remain to he

clearly delineated.
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PRINCIPLES FOR DRAFTING AND ENFORCING LEGISLATION TO
PROTECT WILDLIFE FROM ENVIRONMENTAL NOISE

Luz, G.A.

U.S. Army Environmental Hygiene Agency, Aberdeen Proving
Ground, Maryland, USA

In part, the subject of this paper is an ohscLJre one.

In a world where the destruction of wild animals and t1hir

habitat is proceeding at an alarming rate, noise in the

least of worries. The soLJnd of the chain saw is insionrif i-

cant compared to the loss of another tree from the tropical

rain forest. The poacher's bullet ends the life of the

elephant just as effectively whether or not the rifle h~is i

silencer. Yet there is always the hope that, through en-

lightenment and technology, the destruction will cease and

that the great habitats of Africa, Asia and South America

will be stabilized. IF and when that happens, control of

noise from transportatior and recreational vehicles would

become a concern Just as it is in the wildlife areas of

Europe and North America.

The purpose of th i s p-per is to pave the way for such

control by (1) laying nut a logqical fr3mewor: For drif3 in

legislation and (P) -xploring the tc c innovai o ns

~egjredfor draftingj sucjh lara
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The data for devel I inq the ] m7i:w frmework o 'i

From the Un i ted Stat e s e , , r' oo tinder -,- rt I-r- I -,r N _

onmental Policy Act of 1969. TriF, law ,w Ihi - ,

environmental consequences of any FFederl D.:or hai

considered, has provided a nuMher of exa .p leo in whi t

effects OF noise on wi ldl iFe Ltave b-e actrenoet. Thf-

Iosophy For interpreting there, tat :r. 'F ocit: ,i

comparative psychologist, E.C. Tolmn (193) who adv id

Students to view the parapherna11 i a of instrument<i! ciI -'rn

(mazes, bar presses, esc;pe tixesI From the mind a
0 

te in-

imal subjects. Tolman's, messoac apiles .outt as well to,

drafting noise laws For wildlife. Mue;tions tlt 'rnl1n1

From the Tolman perspective! are:

(1) How loud is the noise to the t or j iter-cto;t
°

2) Ooe s the noise, per t e , poSe a thr- eI t

(3) Can the species adapt w i t o uat -i Jver-t

physiological consequences?

The question of how loud (or annying
1

) is n the r-use

follows From diFFerences in auditory sensitivity. Fxampro, t

from common species of the North American wood ia(nti ar' thef

t1urtle with best sena;itivity of 40 dO SPL at 200-400 H.-

(Patterson, 1966), red-wing blackbird with 4 to P0 tiP at

2 to 4 kHz (Hienz pt al , 1977), the owl with -20 to -10 d1

SPL at 1 to 6 kHz (van fl ik, 1971). the r w.i -15 to

0 dB at I to 10 kHz (WallarI , 196') t he ratb it with 0-10

dB at 2 to 16 kHz (Hfeffnour anoi Mao r-ttio , I c l . inp ;ttm

with 20 to 25 d at. 3 tti 30 kuz (tt, -. , ,t ,l , 1!]1;[II11.

w _ . . . .It
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te e Northl Am er i crn mountaiin hea-,ver, a9 roden t whose :rrcI

too-h! i -. r "L IC- leto ( CN t3 muc-h la rq;er t.ha n inM otIher radenor

fMerzenich, et al, 19771. Matchinca the hyperdeve 1 apment ,r

toCN :s, an ununuaUl aena it iVitvlaw toL 10 Hz enr

-r ill found thehlsfor area n IZIncO otaeu neutra~

a-ct vity amG low aas 40 dO SAL. They m3unqent apo)ssible ro. e

oflow frequjency aenattivtty to detett- ino nrpIoC-h rno-

ato)r-cas. Siilrly , Kr e it h er a nd Cawin e 19 731 suqo PestE-d

nof r a ,0n nos oeoaSitivit y in hoe horn no pFIIcreo n Mi-my Yt ' na El-

notioanal mid . Union f-,a ti' au d oMe !Ir y th ey foui toe

nom manc p iq euon t o hDe CC0 d F m or eonn t ive toe,3n ma 3n below NC

Hz. Evidence that same o-pec: Fem are more fearf-ul toan man

inte p r-oasenmce of i n FraLoo nunrd ta0MesF 
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ro t - he otud of eart Ft , h

truoke preciction Ker 195CD Low level troct-e coo tien--
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pos-ed to t~heme hooco, donis may hen in hamwl i rq. "I neoc

sourama report mare ont-nnerac:oe, ,a
t  

hnorE

t-ln tol ntrCorps, to)wn break i np hal tao-nd (! ioi

not -hiey'i tomrnilev (Kerr, 139(11 . Sicm:latre:ooare

bfen reported with artilIlery name loan aoarl,-n>,
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tained as an OH-58 hel icopter flew towalrd sI sroup of nte-

lope. At a k i tometer , the ante tape were jnlresnt y, e [GO V IBA)

,cod at 50 meters they flIed (77 IRA . The q je;t nn is he-

ther they fled because the noise was 77 dBA or because the

helicopter was 50 meters away. This question coulst have

been resolved by running a comparison test with a noisier

craft but, because the antelope were so few, the test would

have been harmful. In contrast, studies of the response of

whales to boat noise provide stronger evidence that n-oise

is the primary disturbance. Fraker (1981) showed effects

on bowhead whale out to one kilometer. When engines were

turned off, the behavioral responses ceased. No change

in behavior was observed at 3.7 kilometers. IF whales ore

responding to a given level of noise, then criterion levels

can be developed. A step in this direction is a recent

study Funded by the US National Marine Fisheries Service

(Miles and Malme, 1983) which reports the noise levels of

various vessels using the habitat of the humpnrack whale in

Glacier nay, Alaska.

Even when noiso can be effectively -eparaited From the

visual stimulus, the doe-ee of threit will depend on the

animal's interpretation. Retu~rning to the whales, it is

clear that whales wi 1 react pasi ti ve1y to nme -ntiie acm ,,

Thus, flahiheim et al ( 1991] ob1served ray whalas s1ayi no

pJ[] to three hours in ala ,f- piro' irii y f.- itl it-ig (mit icl an-

Ii ms. Some whal 0r' tot ci natnhl thi-, ict.ivi tv whitn th, 'in-

gines were shuJt off. Simi la1rly. Wil a at cI ( 1979' f arid

Ni

'I



hawks in Idaho's Haf t River Val Iey to he ur.disturbed by Air

Force bombinq rums in which the noLnd -t Il un irri ved at

the nest after the visual stimuinJa. It rcntr-ect, the unIn; -

tion of a hidden beeper 200 meters From the nest led sone

hawks to abandon their site.

The third question on the ability of the speciec to

adapt to the noise without adverse physioloqicl conse-

quences echoes the literature on the adverse phyi loqicel

consequences of noise in many species (Peter-son, 1980)

As with any other noxious stimulus, noise, if it iG

loud enough, is a stimulus to he avoided (Beluzzi and

Grossman, 1969). At the same time, animals are motiva-

ted to occupy open territory. Thus, the presence of a

source in the environment poses the same kind of approach-

avoidance conflict as explored by the behavioral psychology

of the 19
4 0

's (Spence, 1956). The textbook example is the

hungry rat who must cross an electrified grid to get Food.

By manipulating the amount of Food, the size of shock and

the degree of hunger, experimenters could manipulate the

position of the rat within the apparatus. For noise, those

species under- strong population pressu-e will tolerate hiqh

levels. One example is a study of wild mice at the Memphis

Tennessee Air-port (Pritchett et al, 1976) in which the ad-

renal glands of mice exposed to einqle events of 110 db SPL

were compared to those exposed to single events of 85 dO.

Although mark-recapture analysis showed no difference in

population density, the noise exposed mice showed decreanie



in adrenal cortical responsiveness to ACTH. Even if noise

is not so intense that one would expect physiological

changes, there is a need for psychological hahituaticn. An

important variable in habituation is predictatiility. Thus

in the study of hawks (White et al, 1979), the birds wclri

build nests in the vicinity of noisy drilling rigs u t

would abandon nests when the same level of noise wan idderi

to a previously quiet environment.

If, after listening to the noise through the hrain of

the species to be protected, regulators still feel a need

to protect a species, there is a problem of enforctement.

Clearly, the kind of noise most harmful is From sources

least likely to be detected (e.g. aircraft, trail bikes,

terrain vehicles.) To protect against intrusion, one Would

need a permanent guard. Fortunately, with today's computer

technology, posting a permanent guard is feasible. As an

example, consider the US National Park Service's recent

decision to close a number of Alaskan parks to snowmobiles,

motorboats, all terrain vehicles, ships and aircraft

use (Anonymous, 1983). Given that these lands are larqf-

and that the staff is small, how could one detect a viola-

tion? Although there is no equipment available to do the

job, minor modifications to existing equipment would he

easy. Consider, for example, the block diagram in Firiure I

showing the design of an industrial noise dosimeter mantj-

factured in the US and retailing for under 1000. In this

device, an acoustical signal is passed through an A-weiqht-

ing network and then converted to a digital signal. A
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Fig. 1 - Block (liaijral. of commercially-available noise dosiineter

mic.-oprocessor sample-s the signal at the rate of Four per

second and takE-s the ener-gy average. The unit has smi2ll

power requirements, operating for three days on a 9 vnlt

battery. A selectable switch allows the user to read the

maximum le vel From any sample, the equivalent level For the

time of operation and the duration of operation. nlati,

arf- Ii-splayedl on i iquid Crys3tal dlisplay.



As now designed, the device in Figure 1 would not be

useful in guarding noise-sensitive areas such as eagle

nests. in general, the device is intended to record C cum-

ulative noise exposure at the end of a workday and it is

not intended to operate on line. Although the same

manufacturer does have a newer dosimeter connectable to

telephone lines, putting lines into a wilderness area would

be both expensive and visually offensive. Additional prob-

lems would be lack of a critical threshold, use of

A-weighting, and use of a cumulative noise dose. Some

modifications to eliminate these problems a'e shown in

Figure 2. Batteries have been replaced with solar cells

and the problem of getting on line information from the

site to an enforcement authority (e.g. Park Ranger

Station) is solved by a directional FM transmitter. A

threshold is provided by replacing the liquid crystal

display with a user adjustable ANO gate for the binary

coded decimal output. To get around the prohlem of

A-weighting, the circuit can now be tuned to a species

audiogram (e.g. EAGLE-weightirj). Finally, to allow for

detection of short term increases *n noise level, an

adjustable timer is provided. In effect, these last three

modifications form an "electronic summary" of the principle

points in this paper. As the cost of such technology

continues to drop, there in good reason to hope thaot the

goal of protecting wildlife areas from nnise cin he met.
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PROPOSAL FOR A SCIENTIFIC PROCRAM

John L. Fletcher and R. G. Busnel

Department of Psychology and INRA
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Rolla, Missouri 65401 France

1. A first step is to convince appropriate au horitiuec

of the need for research on noise effects, with

research to be done on topics relatedl to pcubi ic

needs and complaints. Some count ries havo spi ,(

problems such as sonic booms, whales, IiIr!Iort5,

pipelines, etc. and larmiers, animallvrsi

conservationists must all be ns id o hi

reason, we find it difficult to MrV-, 1I2t 111 i

recommendat ions on an international ~I

11. All eXT)eririental studies, field or- ihor iorv

shonuld be conducted by an i ntt rdisipliriaz r e

to maximize data validity and to lc ulitit i-.V

trensive interpi-etat ion of the data inl h

viewpoint of the etholoqiint, physiol)c jit

Cetan, andI behaviorist.

111. Rejardinq problems of wi Iiif aomnd other m o

too 1litt le scientific data have, been pubih:h-'i ir



the2 last P 5 year1s lbLlmt t h o uIo o'

ioisc mnd other StrI CSotlS. 1n 1 t I c ia11!: "

presecLora hu:,ans ius a1 t ICt I"asi a;>l I- I

i,1no1red Or d 1 auI, ot;Ic.

IV. ItC is vi tal that w,, hac ;:at j 0: cvo)th ee

c h r oi1c s tui iII s , It w it h Lj1oya: ory s t ad j ofi

calced anlimals, avoidil ;n hul m'In : l il I :("I :ln I

SlotS is imlportant.

V U se c' dea fe ned (d](ai< ;01 cu a;i S'a .I '

o r chum ical Iy ) anim ralIs ais ContI"rolIS WOl. noi

I Sef Ll t echn t , IQ to accot I at icS t 's IiL: Iv

dli Ffforlens amlonli anlima IS an:' to St no'v ;Io I sI: ou:- ia

with other stressors.

Vf . flecent Aat a f rom ox:'on:t '1 a : in'als :Pro'-

w it h iniiforma ti on i hoi t tii i ':.': Ic

nio ise a nd o the r 'o s' iLK 11) 1 I: ( '"',r

nleed inlforruat tonl abollt t h, h'. no

c , t s oft souc h t ht i ;i h('7' I - I I

v i rllSt u , metabol iS- I

1tocalino a 'll , l ac ll: 1 ,11,,at a.

non: 11 t ra Lo: 11t1 I r , t1:.

"Ic I a.U i m'l I. ;Ui. :

'11 . ii' holild ht, an tIe I, la %. I. u ay
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ir:,, his has i: t Dcn done :ini only

,1:1 A -1, I1 ; labl.-. It can be cri tical

s' ,o s ci have such in farima-

tion , o i I xmj, or thc biwhead whale in North

Amer i c a.

IX. Studies o mar in. abib ivt noisec levels and marine

@, anisms arc needed, w i care! .:l discrimination

between the effects u noise anI those from ethe r

-actors siii as hys i -al tson.

X. a i!ia i <'g-:x I. io11 , we sti, st all the

i , < l]: , ic,<mnl-lt o .n be carefully considered!
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INTRODUCTION
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data would document changes in noise impact and in the real-life
effectiveness of efforts to reduce the major noise sources as well as the
noise exposure of people.

This closing session of our congress was arranged by the program
committee to look at the problem of noise reduction and its costs. We
have as speakers three individuals with outstanding experience in this
area, who will report on the subject from the viewpoint of their
respective organization or country. They will discuss progress in noise
abatement and cost-benefit considerations applied in various countries
and to various noise sources.; they will talk about the definition,
measurement and prediction of noise exposure of whole populations and
about the quantification and verification of benefits and costs. In
summary it is hoped that these papers will be helpful in assessing our
present and in predicting and shaping our future noise environment.
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HOW DO WE DESCRIBE NOISE EXPOSURE AND HOW MUCH DOES ITS REDUCTION COST?

Eldred, K. McK.

Ken Eldred Engineering, P.O. 1037, Concord, Mass. 01742-1037, U.S.A.

INTRODUCTION

This paper proposes that the linear quantity of sound exposure be

utilized as the basis for describing exposure to environmental noise,

both in the workplace and the outdoor community. Its use should reduce

the confusion resulting from the proliferation of the various types of

decibels and enable the additive and proportionate properties of the

sound exposure to be utilized in the same manner as they are in almost

all other fields.

The proposed quantities are utilized in summarizing the 1980 noise

exposures, and.noise impacts encountered in the U.S.A. in terms of the

estimated populations affected and examples of the estimated costs to

reduce the sound exposures.

DESCRIPTION OF NOISE EXPOSURE

The majority of noise data for both the workplace and the outdoor
community environments have been obtained with sound level meters. These
instruments provide a direct reading of a frequency weighted sound level
in decibels (d.). The frequency weighting most commonly used for environ-
mental noise with respect to humans is the A-weighting. In the U.S.A.
the phrase "sound level" is taken to mean the A-weighted sound level
unless another frequency weighting is stated.(1) In Europe the same
quantity is generally called the "A-weighted sound pressure level."(2)



Other frequency weightings B, C and Flat may be found in many sound
level meters and are of use for various purposes. Additionally, the fre-

quency weighting, D (2) and E (3), have been proposed to replace the
A-weighting for the measurement and assessment of environmental noise
with respect to humans. These weightiiys model the human hearing process
in a manner that is more relevant to the assessment of noise effects;
both in the frequency region between 1 and 6 kilohertz (Khz)where head
diffraction and ear canal resonances have important effects on hearing,
and at the low frequencies when the A-weighting understates the level of
typical 'noises. However, since neither of these weightings has achieved
common use for environmental noise, the descriptions used in this paper
are all based on the A-weighting.

The concept of "noise exposure dose" has existed for a long time (4)
in the assessment of the potential for hearing damage risk and for over
30 years in the assessment of community noise.(5) However, until
recently, no instruments existed that could directly measure "noise
exposure dose." Consequently, workplace noise exposure was not described
explicitly (e.g., the noise exposure is ); but rather implicitly in
terms of the sound level and the time of exposure (e.g., the exposure was

decibels [or dB (A)] for _ hours). For those situations in which
the sound levels of the workplace noise-environment varied with time, no
single reading of sound level was appropriate. Consequently, a quantity
was conceived to represent the long time mean square weighted sound pres-
sure. This quantity was called (in Europe) the equivalent continuous
A-weighted sound pressure level (LAeqT) or (in the U.S.) the equivalent
sound level (6,7) (also known as time-average sound level). Thus, LEQ is
simply the level of a continuous steady sound which is equivalent to a
sound of similar duration whose level varies with time in the sense that
both have the same value of the time integral of their mean square pres-
sure time histories. Recently in the draft International Standard on
hearing conservation (9) this integral was explicitly defined as the
"time-integrated squared A-weighted sound pressure" with the symbol EAT.
In the U.S. this quantity was already known as sound exposure. It has
also been used as the basis for calculating still another "level" known
as Sound Exposure Level. The sound exposure for an eight-hour equivalent
sound level of 90 dB is 11,520 pascal squared seconds (or 11.5 kilo
pascal squared seconds).

The concept of equivalent sound level also has been extended to the
community noise environment to describe the day, evening and night sound
environments and to the total 24 hour day. The descriptor for the outdoor
community noise chosen in the U.S.A. is called the Day-Night Sound Level
(Ldn) (8) and is determined by calculating the 24 hour equivalent sound
level after weighting nighttime noises (sounds occurring between 10 P.M.
and 7 A.M.) by a 10 dB penalty. The nighttime penalty is added to
account for the presumed greater sensitivity of people to intrusive
nighttime noises considering both sleep requirements and the typical
lowering of outdoor ambient noise during the nighttime hours. When
averaged over an entire year the yearly average day-night sound level
may be used to provide a stable single number descriptor for the noise
environment at a community location.
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The community noise environment may also be described in terms of
the day-night sound exposure which is the day-night weighted 24 hour

integral of the squared A-weighted sound pressure. The day-night sound
exposure is 1.0 pascal squared second for an Ldn of 44.614 dB. Thus,
1-1000 on its scale encompasses the range on the day-night sound level
scale of most interest, 45 to 75 dB.

The existance of new instruments that have the capability to measure
sound exposure together with the increased interest in using some deriva-
tive of sound exposure for describing environmental noise exposure
present a unique opportunity for choice. Traditionally, we have used a
variant of the decibel in all environmental noise descriptors. But, in
the new "digital" world there is no requirement that all noise descrip-
tors be stated in some type of decibels. On the contrary, there are
many reasons why a non-decibel like quantity could be preferred.

(1) The public and lay professionals understand that the
"decibel is a measure of noise." However, when the acous-
tician uses more than one kind of decibel confusion and
mistrust often occur, making multi-disciplinary discussions
of the assessment and alternative solutions to noise pro-
blems more difficult than necessary. Sound exposure is a
linear quantity, not a logarithmic quantity like decibels.

(2) Both a community's day-night sound exposure at a
location and an individual's personal 24-hour daily noise
exposure usually consists of several separate sound
exposures. Often these separate sound exposures involve
different sources and/or activities, that are most easily
measured or calculated separately, then summed to determine
the total sound exposure. Sound exposures are directly addi-
tive, without transformation.

(3) Often it is desirable to state that the measured noise
as a percentage of a criterion value or that the noise has
been reduced by a stated percentage. Such statements are
standard in almost all fields except noise where the log-
arithmic nature of the decibel requires the use of other
rules. The linear properties of sound exposure enable the
direct use of percentages and fractions as appropriate.

In summary it is believed that the use of a Linear quantity to
express the concept of noise exposure dose would facilitate communica-
tion with the public and other non-acoustical interested persons; by not
confusing the discussions with more than one type of decibels, enabling
the simple addition of various sound exposures and the proportionate
increase or decrease of sound exposure with increase or decrease in the
duration of exposure or the number of similar noise events.

The proposed descriptors for noise exposure are summarized in
Table 1.
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Table 1 Descriptors For Environmental Noise In The Workplace And The
Community

Noise

Characteristic Name (Long Title) Symbol Abbreviation Units

Magnitude of Sound Level in LAS SAL decibel (dB)
time varying decibels re 20d
sound pascals (Slow

A-weighted sound
pressure level)

Noise Sound Exposure EAT TAE pascal-

Exposure (Time integrated squared-
squared A-weighted seconds
sound pressure) (Pa 2 _S or

pasques)

Personal Daily Sound EAD DAE pascal-

Daily Exposure squared-

Noise (Twenty-four seconds

Exposure hour integrated (or kilo
squared A- Pa2 .S,
weighted sound kilo
pressve) pasques)

Outdoor Day-night EAdn  DNE pascal-

Comunity Sound Exposure squared-

Noise (Twenty-four seconds

Exposure hour day-night (Pa 2 .S or
weighted time pasques)

integrated
squared
A-weighted
Sound Pressure)

INDIVIDUAL NOISE EXPOSURE WITH RESPECT TO RISK OF HEARING DAMAGE

The estimated number of people in the U.S.A. whose yearly average
occupational daily sound exposure potentially exceeds 3.6 kilo PaS
(LAeq8 > 85 dB) is 9.2 million.(10) As indicated in Table 2, over one-
half of these people are production workers in industry.

Also shown on Table 2 is the number of people whose daisy sound

exposure from non-occupational activity exceeds 0.36 Kilo Pa.S. This is
the value of the sound exposure that was selected by the U.S. Environ-
mental Protection Agency (8) as "requisite to protect the public health
and welfare with an adequate margin of safety" with respedt to hearing
risk. This value was selected to be approximately 1/3 of the minimum
value at which a change in hearing threshold was expected to be measured
reliably. The estimates for non-occupational use are necessarily

averages and approximate. The actual situation is expected to involve a
distribution of use durations and operator sound levels about the
averages, such that some of the people shown as exceeding 0.36 Kilo Pa2S
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probably also exceed 3.6 Kilo paS. This condition is expected particu-
larly for exposure to the noise of snowmobiles, motorcycles and outdoor

power equipment. These devices had the highest estimated average daily
sound exposures and are known to have a considerable variation in
operator sound level.

Table 2 Estimate of Number of People (In Millions) Potentially Exposed
To Noise Exceeding 0.36 and 3.6 Kilo pasques (Leq8 Levels of 75 and 85 dB)
from Occupational and Non-Occupational Activities (10)

Occupational Sound Non-Occupational Sound
Exposures Exceeding # of Exposures Exceeding # of
3.6 Kilo pasques People 0.36 Kilo pasgues People

Agriculture 0.3 Gen. Avia. Aircraft 0.4
Mining 0.4 Motorcycles (road) 5.2
Construction 0.5 Buses 10.4

Manufacturing 5.1 Rapid Transit 2.0
Transportation 1.9 Snowmobiles 1.7
Military 1.0 Motorcycles (off-road) 2.6

Total 9.2 Motorboats 2.3
Power Shop Tools (Home) 30.7*
Outdoor Power Equipment

(Home) 1.0*

Total 77.7*

These totals probably include overlap from double counting.

In the United States the authority for occupational noise standards
is assigned to one of several Federal agencies, as appropriate to the
area. The largest group of workers who are potentially exposed to noise

levels which might cause hearing damage are the production workers in
industry. Noise standards for these workers are established by the
Occupational Safety and Health Administration (OSHA) of the U.S. Depart-
ment of Labor. Since the early 1970's OSHA has had a standard that
requires the application of engineering controls, when feasible, when
the workday time weighted average (TNA) noise level exceeds 90 dB. The
TWA is calculated using a 5 dB rule for halving allowable duration, such
that 8 hours at 90 dB, 4 hours at 95 dB or 2 hours of 100 dB each have a
8 hour TWA noise level of 90 dB. The current standard also requires the

implemention of a hearing conservation program which involves both audio-

metric tests and use of personal protective devices when the TWA noise
level exceeds 85 dB. (Note that the 5 dB/halving rule used in calculat-
ing the time-weighted average noise level permits relatively greater
durations at levels above the standard level and lesser durations at

levels below the standard level than does the 3 dB/halving rule used in
calculating equivalent sound level.)

A 1975 study (11) sponsored by OSHA obtained noise data in 68 plants
that were selected to be distributed among 19 industries. The sample
plants employed approximately one-half of one percent of the production
workers in those industries. The distribution of production workers with
TWA noise levels for these industries is given in Table 3. Although

these data are based on a very small deterministically derived sample

of plants, an unpublished, more broadly based and larger sample supports



the results shown for total industry. However, significant differences
are found in some of the individual industry segments, as would be
expected.

Table 3 Percentage of Production Workers in 19 Two-Digit Industries

Potentially Exposed to Noise (12, 13)

Time Weighted Average
Noise Level Exceeds

Industry Name 100 dB 95 dB 90 dB 85 dB 80 dB

Food 1 6 16 28 47
Tobacco 1 3 7 10 28
Textiles 14 33 52 75 87
Apparel 0 0 0 1 20
Lumber-& Wood 8 35 72 94 97
Furniture & Fixtures 0 2 12 30 53
Paper .4 6 21 40 59
Printing & Publishing 0 4 19 45 66
Chemicals .1 6 20 37 55
Petroleum & Coal 14 31 52 74 82
Rubber & Plastics .3 2 9 20 40
Leather 0 0 0 1 20
Stone, Glass & Clay 1 2 5 16 42
Primary Metals 8 20 38 63 81
Fabricated Metals 4 11 19 34 56
Machinery (not Electric) 3 6 13 26 48
Electric Machinery .1 .5 .3 7 27
Transport Equipment 3 7 13 23 42
Utilities 0 0 30 74 89

TOTAL INDUSTRY 2.9 8.3 19.3 34.4 53.1

The 1975 study (11) also estimated the costs of "a best effort" for
engineering controls. The estimates were made for two assumed TWA noise
level standards, 85 dB and 90 dB (the existing standard). The study
estimated a total program cost of $10.5 Billion to achieve the 90 dB
standard for 97% of those originally potentially overexposed (i.e.,
engineering controls for 3% were considered technically infeasible). The
similar estimate for the 85 dB standard was $18.5 Billion for 93% of those
originally potentially overexposed.

Table 4 summarizes the principle cost results of this study. It is
interesting to note that there is no statistical difference at the 5%
level between the weighted and unweighted averages and between the
averages for each standard noise level. Therefore, the increase in total
cost to achieve a standard of 85 dB was found to be proportional to the
increase in the number of potentially overexposed workers. Since the
number of machines to be quieted is presumed to increase along with the
number of workers, the implication is that the measures designed to
quiet machines to 90 dB were in many cases sufficient to quiet these
machines to 85 dB at little additional cost. Then the additional cost to
attain 85 dB would be primarily that required to quiet machines that did
not require noise control to meet the 90 dB standard. This situation is
believed to result from the use of noise enclosures as the primary noise
control device for the study.
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Table 4 1975 Estimate (13) of the Number of Potentially Overexposed Pro-
duction Workers (i.e., Production Workers Potentially Exposed to Time
Weighted ( 5 dB Rule) Average (TWA) Noise Levels in Excess of 90 or 85 dB)

and the Costs to Reduce These Noise Levels Through Maximum Application of
Engineering Controls EWA NUISE LEVEL GREATER THAN

90 dB 85 dB
Number of Cost/ Number of Cost/
Potent. Potent. Potent. Potent.

Overexp. Overexp. Overexp. Overexp.
Prod. Prod. Prod. Prod.

Cost Workers Worker Cost Workers Worker
Industry ($ Mil) (000) ($) ($ Mil) (000) ($)

Food $ 575 180.2 $3,190 $ 1,675 315.4 $ 5,310

Tuoacco 45 4.2 16,940* 105 6.2 14,110*

Textiles 1,155 390.5 2,960 2,470 563.3 4,380

Apparel 0 0 0* 15 10.2 1,460*

Lumber&Wood 700 325.1 2,150 1,140 424.4 2,690

Furniture 360 42.4 8,490 445 106.0 4,200

Paper 200 101.0 1,980 310 191.4 1,620

Print.&Pub. 470 122.1 3,850 1,150 289.1 3,980

Chemicals 305 113.4 2,690 625 209.9 2,980

Oil&Coal 175 63.1 2,770 260 92.2 2,820

Rubber&Plast. 115 39.2 2,930 245 88.1 2,780

Leathers 0 0 0* 10 2.1 4,760*

Stone&Glass 170 23.2 7,330 385 77.4 4,970

Prim. Metals 1,395 358.6 3,890 2,925 594.6 4,920

Fab. Metals 1,305 169.6 6,880 1,560 339.3 4,600

Mach.(not Elec.) 2,185 179.8 12,150 2,820 359.7 7,840

Elec.Machinery 145 28.6 5,070 370 80.0 4,630

Trans. Equip. 670 147.4 4,550 1,050 260.8 4,030

Utilities 575 185.8 3,095 980 458.2 2,139
Totals $10,545 2,494.2 $18,540 4,468.4

Unweighted Avg.** $4,620 $ 3,990
Weighted Avg.*** $4,230 $ 4,150

Not included in average because industry has less than 10,000 produc-

tion workers exposed at 90 dB.

Based on average of 16 unweighted values of cost/potentially over-

exposed production workers.

Based on total cost total number of potentially overexposed produc-
tion workers.
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There has been considerable debate about these costs in the U.S.
There is some evidence to indicate that present costs would be lower in
some industries because of the technology learning curve since 1975 and
because of the large increase in availability of standard noise control
components. In other industries the present costs would be lower
because the noise controls originally contemplated have proved to be
infeasible. Consequently their costs would be removed from the totals,
but the associated workers would be added to those residual workers for
whom engineering controls are infeasible. Finally, there are many
examples in industry when the present costs are greater than estimated.

COMMUNITY NOISE EXPOSURE WITH RESPECT TO ANNOYANCE

There are five major general sources of outdoor noise in urban
communities, of which the noise from traffic and aircraft are usually
found to be among the greatest numbers of people. Table 5 summarizes
the estimated distribution of residential population and noise with
respect to the five general sources. These estimates resulted from

various studies (10) made for the U.S. Environmental Protection Agency,

and were updated to 1980.

Table 5 Estimated Cumulative 1980 Population (Millions of People)
Living in Areas Where The Outdoor Day-Night Sound Level (Or Day-Night
Sound Exposure) Exceeds The Indicated Value For Five Major Types Of
Sound

Ldn EAdn Type of Source
Exceeded Exceeded Traffic Aircraft Rail Industrial Construction
(dB) (P .?S)

80 3460 0.1 0.1

75 1090 1.1 0.3
70 346 5.7 1.3 .2
65 109 19.3 4.7 1.1 0.3
60 34.6 46.6 11.5 2.0 1.9 1.0

55 10.9 96.8 24.3 3.6 6.9 6.9

Although it is obvious from the Table that noise from Traffic and
Aircraft affect many more people than does the noise from any of the
other three sources, it is not intuitively obvious whether Rail or
Industrial noise should be next in order in terms of population impact.
The answer clearly depends on the relative importance of the intensity
of the noise and its extensity as measured by population impacted.

The notion of weighting functions for the purpose of developing a
single valued measure of the impact of noise on the affected population
was articulated in the early 1970's. Such a single number representation
of total noise impact can be used in making decisions amongst alternative
noise regulatory designs and as an objective function to be minimized inl
optimizing noise control measures.

One early suggestion (14) for annoyance impact was to calculate the
percentage of people that were highly annoyed at each level of noise,
multiply it times the associated population and sum to obtain a sinule
value. In the first application of this constant the percentage annoyed
was calculated from a linear regression line and the results normaIlized
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to produce 0 impact at Ldn = 55 dB and 1.0 impact at Ldn 75 dB. The
first formula utilized for fractional impact (FI) assumed constant

F1 = 0.05 (Ldn - 55) for Ldn > 55

= 0 for Ldn < 55 (1)

This concept was developed into the fractional impact methodology and
used for estimating impacts and benefits of alternative regulations by the
Environmental Protection Agency (EPA). (15) In 1977 the National Research
Council Committee on Hearing Bioacoustics and Biodynamics (CHABA) working
group 69 developed a refined definition. (16) The weighting function was
based on the percentage highly annoyed found by Schultz (17) in his
analysis of a large number of annoyance surveys. His relationship of
percent highly annoyed versus Ldn was normalized to produce a weighting
factor (W(Ldn)) which was normalized to unity at Ldn = 75 dB, just as is
Equation (1). This method has been used in the evaluation of regulatory
benefits by the EPA.

The level weighted population (LWP) concept of CHABA is an attempt to

account for both the extensity of the noise impact through accounting for

the population impacted, and the intensity through weighting the affected
population in proportion to the expected percentage of highly annoyed.
Thus, LWP is actually directly proportional to the total number of people
estimated to be highly annoyed. It implicitly states that the noise
impact in a situation where 2,000 people in a population of 20,000 people
(10%) similarly exposed, are estimated to be highly annoyed is the same
as that in a situation where 2,000 people in a population of 4,000 people
(59%) are estimated to be highly annoyed. Yet the estimated values of
Ldn associated with these two situations are 61 dB for the situation with
10% estimated highly annoyed and 79 dB for the situation with 50% esti-
mated highly annoyed.

Are these actually equal impacts? If each were to be the calculated
result of analyzing a proposed project alternative - should they be
judged as equivalent - i.e., equally acceptable or equally non-accept-
able? And, if there were only these two project alternatives, which
would be chosen as the better alternative?

Although these two hypothetical situations may seem extreme, the
fundamental dilemmas they pose often exist in real situations. They
exist because for many real noise situations only a small number of
people reside close to a source where the sound levels are high, and a
much greater number of people reside farther from the source where the
sound levels are lower.

Airport optimization studies using LWP as an objective parameter
often produce optimum solutions which feature primarily small noise
reductions that affect the large number of people residing in areas
where the sound levels are lower. Conversely, solutions for the people
residing in areas where the sound levels are higher are rarely optimum
in terms of LWP and cost. This discrepancy was recently noted in a study
of alternative preferential runway utilization rules at Logan. (6) In
that study the lay decision-makers tended to give considerably more
weight towards reducing the noise in areas of highest Ldn, even at the
cost of increasing the total impact as measured by LWP.
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The introduction of day-night sound exposure offers a new possi-
bility to develop a single number descriptor by simply summing inter-
grating the individual day-night sound exposures over the entire popula-
tion affected.

The result may be called population weighted day-night noise ex-
posure. Although it has a direct physical significance its use as an
impact function requires practical tests to determine if it points
towards the same conclusions as those reached by informed lay juries.

Table 6 compares the Fopulation weighted day-night exposure and

the CHABA weightings for the aircraft data from Table 5. It is clear
from the two columns showing the percentage of the total that the sound
exposure weighting gives relatively more weight to populations affected
by the higher sound levels as compared to the CHABA weighting. For
example, with sound exposure, 77% of the total occurs at Ldn'S % er

than 65 dB compared to 41% for the CHABA method. This result s n 1o
be consistent with anecdotal experience.

Table 6 Estimated population impact of aircraft noise based o pula-
tion weighted by day-night sound exposure and by the CHABA wei

(proportional to percentage highly annoyed)

Day-Night Sound Exposure CHABA Weighting
% of % of

Total Total
tLdn Pop (P) Adn P E n  AboVe PC Above

(dB) (mil) (Pa 2S) (mil) Ldn55
dB  

Cn (mil) Ldn 
= 

55 dB

80-85 .1 6150 615 20.9 1.697 .17 2.2
75-80 .2 1940 388 13.2 1.212 .242 3.2
70-75 1.0 615 615 20.9 .832 .832 11.0
65-70 3.4 194 660 22.4 .538 1.829 24.1
60-65 6.8 61.5 418 14.2 .324 2.203 29.0
55-60 12.8 19.4 248 8.4 .181 2.317 30.5

Total 2944 100 7.593 100

Table 7 summarizes the population weighted sound exposure for all
of the 5 sources of Table 5. Traffic causes 72% of the total, aircraft
22% and the remaining three, 69.

The obvious priority for traffic and aircraft noise control stand
out clearly confirming the priorities of the actions already underway
in most OECD countries. The data also show that localized site specific
noise control action such as installation of highway noise barriers,

land use control/conversion near airports and aircraft flight pro-
cedures tailored to noise abatement are of importance for areas which
have the highest sound levels. Such controls together with source con-
trols which tend to reduce noise at all sound levels, can be apportioned

for greatest cost effectiveness.

In the U.S. the Federal Aviation Administration (FAA) is respon-
sible for regulating the source noise characteristics of civil aircraft.
The FAA has led in the development of noise requirements for new air-
craft and many of its regulations have provided the basis for similar
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international recommendations. The cumulative effect of its actions will
lead to a significant lowering in aircraft noise impact by the year 2000.
It is not possible to make realistic estimates of the costs'of these
regulations because the achievement of noise control is largely due to
the development of more efficient and quieter engines and aircraft with
improved low speed performance. Thus the new quiet aircraft are a
much more economically viable aircraft than its predecessor and the
marginal direct cost of noise control is usually trivial.

Table 7 tstimated population weighted day-night sound exposure (millions
of People Pa2S) for five major types of sourcesAvg. Sound Type of Source

Agound Rail
Exposure (incl. Total

dn Adn Air- Rapid Indus- Construc- All % of
(dB) (Pa2S) Traffic craft Transit) trial tion Sources Total

80-85 6150 615 615 1230 9.3
75-80 1940 1940 388 2328 17.5
70-75 615 2829 615 123 3567 26.9
65-70 194 1482 660 175 58 2375 17.9
60-65 61.5 1680 418 55 98 62 2313 17.4
55-60 19.4 974 248 31 97 114 1464 11.0

Total 9520 2944 384 253 176 13277 100
% of Total 71.7 22.2 2.9 1.9 1.3 100

However, in one instance the FAA mandated retirement or retrofit of
the early narrow body jet aircraft that did not meet the initial FAR
past 36 noise standards. In 1976 the net present value of the cost of
that action was estimated (18) to be as high as $440 million, if compli-
ance was based solely on retrofit. Other scenarios involving partial
replacement with new efficient aircraft had to lower costs and, if all
of the 4-engined aircraft were replaced, to negative costs.

The major source regulation for traffic noise was developed by
the U.S. EPA. It involved the progressive redvction of truck noise
limits to 83, 80 and 75 dB when measured at 15 meters. The net present
value of the cost of varients of that proposed action in 1976 ranqed
from approximately $940 to 2,650 million.

19  Actually only the 83 dB
limit is currently in force with the 80 dB limit to come in force at a
later date. The results of this regulation are expected to produce a
significant reduction in traffic noise.
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NOISE ABATEMENT TODAY AND TOMORROW.

Alexandre, A. and Barde, J.-Ph.*

Environment Directorate, OECD, Paris, France

1. Noise today

The rapid urbanisation and industrialisation of the

Western world have involved an increasingly wide use of

vehicles, equipment and machinery as well as the

concentration of activities. These phenomena have

constituted the main causes of the noise problem which

modern societies are now facing. The number of motor

vehicles has tripled, the air traffic has increased 10

times and the urbanisation has increased by 50% over the

past 20 years in the OECD area.

As a result of this, around 15% of the OECD

population (North America, Western Europe, Japan,

Australia and New Zealand) - or 100 million people - are

* The opinions expressed in this paper are those of the
authors and do not necessarily reflect the views of the
OECD.
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presently exposed to noise levels in excess of 65 aBA

(average Leq 24 hours in front of the most exposed facaoes

of owellings), i.e. to noise levels considered in many

countries as being above the limit of acceptability. What

is more, over 50% of the OECD population are exposed to

noise levels in excess of 55 dBA, i.e. to levels above the

limit of comfort.

Many opinion polls as well as registrations of

complaints about the environment in the United States,

France, Germany and Japan(l) indicate that noise is rankeo

as the most annoying single environmental problem.

But the increase of noise is not spread evenly

within industrialised nations. Noise levels have

increased only slightly in already noisy areas like urban

centres, but have increased substantially in suburbs and

touristic areas which were before considered as quiet. In

addition, the period of quietness during the night is

becoming shorter and week-ends are becoming noisier.

There are also important differences between

countries and between cities.

In densely populated countries, the proportion of

people exposed to noise levels in excess of 65 dBA can

reach 30%, whereas in still rural countries, this

proportion can be as low as 5%. Ano in big cities like
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London or Paris, the average noise level is 10 decibels

higher than in small cities (i.e. a doubling of

loudness). This means that in Paris or London, about 50%

of the population are exposed to noise levels exceeding

65 dBA.

What are the main sources of all this noise ? One

source which must not be underestimatec is what is simply

called "neighbourhood noise", between and around

dwellings, especially in countries where the rapid

urbanisation of the fifties and the sixties resulted in

the construction of badly insulated high rise buildings.

Other sources include industrial noise and construction

noise. But the main source of noise annoyance is

transport, i.e. traffic noise, aircraft noise, railway

noise.

Aircraft noise is an important nuisance around many

big cities, especially in the United States where it is

estimated that 2% of the population are exposed to

aircraft noise levels exceeding 65 dBA. In Europe,

however, only 0.2% of the population are exposed to such

aircraft noise levels. Railway noise is a nuisance in

some rural areas, especially in those places exposed to

the noise produced by high-speed trains.

.The main source of noise annoyance is motor

vehicle. In Europe and Japan, 30 times more people are

annoyed by motor vehicle noise that by aircraft noise.



2. Noise tomorrow

The OECD Conference on Noise held in 1980(1)

concluded that aircraft noise will probably decrease

whereas traffic noise is likely to continue to increase

between now and the year 2000.

In the United States, in France and in Australia, it

has been estimated that the total area affected by

unacceptable aircraft noise levels will be reduced by at

least 50% when all first generation jets will have been

replaced by the quiet modern aircraft (Boeing 747,

Lockheed Tristar, DC 10, Airbus, etc.).

However, traffic noise may continue to impinge on

urban areas and will also spread to beaches, mountains,

forests and other yet quiet areas. In particular, if

noise emission levels are not strengthened, the number of

people exposed to unacceptable noise levels (above 65 dBA)

will increase by 30% between now and the end of the

century. By that time most urban areas will have become

permanent "pockets" of noise, as there are permanent

clouds of pollution over certain areas. The reasons are

the 30% growth in the total number of vehicles between now

and the year 2000, the ever increasing mobility of people

and goods (more leisure time, development of secondary

homes and of tourism, suburbanisation process still going

on, growth of intercity traffic because of the development

)214
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of medium-sized towns), a greater number of diesel

vehicles, at least in Europe (for energy considerations),

and the development of new types of leisure vehicles and

equipment.

Not only will the number of people exposed to

unacceptable noise levels become larger but those exposed

to these noise levels will be more sensitive to noise than

they are now. This greater sensitivity can be explained

by ever increasing expectations of people for a good

quality of life; but the main reason is that in the year

2000 populations will be older on average than they are

today. As a matter of fact, this is at hand: in 1990

already, people over 65 years will be 100 million for the

OECD area, i.e. around 12% of the OECD population in 1990;

and even 20% in some countries. Older people are more

sensitive to noise than young people, they are also

subject to hearing problems which increase this

sensitivity; furthermore, they have more leisure time that

young people. In fact, most of the people in this age

group will be retired and spend their time in the country

or in touristic areas, expecting peace and quiet which

they will find only with great difficulty.

However, noise increase is not inevitable. If

stricter noise emission limits for motor vehicles are

enforced (minus 5 decibels on cars and minus 10 decibels

on heavy vehicles and motorcycles) by 1985-1990, the
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number of people exposed to noise levels above 65 dBA

could be reduced to 50% of the current figure in the year

2000. This forecast was made by OECD on the basis of

studies undertaken in the United States, France, the

United Kingdom, Switzerland and Denmark. It should be

noted, however, that such a drastic reduction of noise

exposure would be only obtained for noise levels above

65 dBA.

It is true that most "black spots" would be

eliminated with more stringent noise emission limits since

a 50% reduction of the number of people exposed to noise

levels exceeding 65 dBA would be obtained. However, more

stringent noise emission limits would only slightly reduce

or even stabilise the number of people exposed to noise

levels in excess of an Leq of 55 dBA (results of studies

undertaken in France and Denmark).

This means that a strategy aiming only at

strengthening noise emission limits would greatly improve

the situation of the people exposed to excessive noise

levels but would be insufficient to improve the situation

of those exposed to uncomfortable noise levels. "Black

spots" would be eliminated but would be replaced by big

"grey areas" of noise.

In order to reduce significantly the number of

people exposed to noise levels in excess of 55 dBA as
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II
well, a more comprehensive strategy would be needed,

combining more stringent emission limits with improved

methods of traffic management and modifications of the

infrastructures and buildings themselves (sound

insulation, noise screens, etc.). In France, for example,

such a comprehensive strategy would reduce the number of

people exposed to unacceptable noise levels by 80% and

those exposed to uncomfortable noise levels by 60%. But

the present economic situation is not favourable to such a

comprehensive strategy, the costs of which may be

considered as too high (although benefits would also be

very high). In this climate, even new international

regulations strengthening noise emission limits will be

difficult to achieve. The implications of this situations

is that the realistic prospects for the future remain

"grey".

3. Noise abatement policies for tomorrow

Only if additional means of noise abatement on top

of the continuous strengthening of emission limits are

implemented will a level of acoustic comfort be achieved

by the year 2000. Since anyway more stringent noise

emission limits will not be sufficient to escape from a

general "grey" acoustical area, some imagination is

needed: regulations will have to be complemented - in

certain cases even replaced - by all kinds of INCENrIVES,
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direct and indirect, economic and informative. Noise

charges, which exist already on some airports (in

Switzerland, in Japan, in the United Kingdom, in Germany)

will have to be used more extensively and not only for

aircraft. Noise abatement campaigns (including

international ones), labelling of quiet products, quiet

pilot cities, education in acoustics at school and at

university, are examples of noise abatement incentives.

Many others may and must be invented if we really want to

obtain a quieter environment.

Those incentives - which are needed not only because

they constitute a useful complement to regulations but

also because they are among the most realistic policy

instruments likely to be adopted in a period of economic

austerity - present the advantage of being very flexible

(compared to regulations) and therefore easy to adapt to

future changes.

4. A diversified future

Among future changes, traffic increase, the ageing

of the population, and more leisure activities, have

already been mentioned.

Other phenomena may also affect the future acoustic

climate, some in a quieter direction, others in a noisier

direction.



A corollary to the ageing of the population is the

reduction in the number of children. This will almost

automatically mean a reduction of some noisy behaviours,

compensating perhaps the increased noise sensitivity of

old people. There are also other factors which will

change and affect the noise environment.

The worktime may decrease because more activities

will be shared and because there may be more workers

working only part-time. The urbanisation process may be

more complex in the future: whereas the demand for private

homes may still develop in some countries, the desire to

come back to live in the centre of cities close to

services, leisure and cultural facilities will be felt by

young, aged and more generally by small households; at the

same time, the population of big metropoles will stagnate

or decrease, whereas the population of medium and small

towns is expected to increase. Other changes worthwhile

to be mentioned are: changes in energy use (more diesels

but also more electric vehicles and better thermal

insulation), increased use of public transport and of

telecommunications, the dislocation of old industrial

plants (textile, steel, etc.) which are being moved to

developing countries, the rise of new technologies ano

finally the process of decentralisation and therefore an

increased local autonomy.

The acoustic "implications" of these different

factors are difficult to assess and predict. However,



since they will probably play a key role in the

determination of the noise climate in the year 2000, it is

important to include them in any future comprehensive

forecast, and in policy formulation.

5. Conclusion

If we want to avoid that the title of this paper

means in fact "noise today and abatement ... tomorrow",

three actions must be undertaken: (i) comprehensive

forecasts of the future noise environment - including

changes in life styles which are taking place -; (ii) the

strengthening of noise emission limits must be pursued but

it should be recognised that this strategy will not be

sufficient; (iii) all kinds of incentives should be

adopted in order to adjust the noise abatement policy to

the present economic situation as well as to the need for

a noise climate that would not only be just acceptable,

but really comfortable.
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NOISE CONTROL, ITS COSTS AND BENEFITS

Vogel, Ansgar 0.

Federal Ministry of the Interior, Bonn, Germany

1. In many countries, noise control has become a political issue in
recent years. This is particularly the case in countries with a high
density of population and a large volume of traffic. One example of
this group of nations is the Federal Republic of Germany, where there
are 248 inhabitants per square kilometer on average. In North-Rhine
Westphalia, the most densely populated of the federal states - the
figure is even 5oo inhabitants per square kilometer. There are 67
cities with over loo,ooo people in a country which has a total super-
ficial area of less than 25o,ooo sq. kms. 3o million vehicles of
various kinds have been licensed for use on the roads of the Federal
Republic. Over 45o civil and military airfields serve the purposes of
air traffic.

In 198o, the volume of goods transported by road and rail, water and
air came to over 20o billion tonne-kilometers.

These data indicate the scale which the problem of noise has reached in

the Federal Republic of Germany. For years now, great political
importance has been attached to noise control in this country and,
accordingly, a great deal has been done to protect the population
against noise. In the light of this situation, it is quite instructive
to consider the subject of "noise control, its costs and benefits" with
reference to concrete activities in Germany.

2. The Federal Republic's noise control policy focuses on the following

spheres: industrial noise including the noise caused in the
construction sector; aircraft noise; road traffic noise; and inter-
disciplinary noise research. I would now like to describe some of the
activities in these sectors and to express a view on the financial
costs as well as the achieved (or anticipated) benefits, as far as they

may be expressed in dB(A).

The first legislative step towards a modern noise abatement policy in
Germany was taken in 1965 when the Construction Noise Act (2) appeared.



The operators of construction machines were required to prevent such
building noise as was technically feasible according to the latest
state of the art and to limit the spread of unavoidable noise from the
building site to a minimum inasmuch as this is necessary to avoid
dangers, major disadvantages or substantial inconvenience. The assets
to be protected were now no longer just human health, but also freedom
from "substantial inconvenience" i.e. human well-being in general. The
Construction Noise Act, later ijcorporated into the comprehensive
Federal Immissions Control Act )1 1974 (3), was implemented by the
Federal Government by means of a whole series of individual
regulations. For example, varied immission values were laid down for
construction noise and - in the case of the most important kinds of
construction machinery - emission values based on representative
technical and economic market studies. From the very beginning it was
stipulated that these regulations would become stricter in the course
of a specified number of years. This procedure was very efficient
inasmuch as the noise levels of the given construction machinery
decreased considerably in the course of a few years, by over lo dB(A)
in some cases. Governmental expenditure was largely confined to the
relatively moderate costs of technical market research and to the
occasional checking of construction sites. Industrial costs varied
from one manufacturer to another But on the whole they were not
excessive: this was due, in no small measure, to the generous compu-
tation of transitional periods. At any rate, they did not prevent the
German manufacturers of construction machinery from achieving major
sales in the Seventies. The trend towards quieter construction machines
was also promoted by the "construction noise reports" voluntarily

submitted by the Association of German Engineers (VDI) and designed to
keep the general public and the trade informed about quieter cons-

truction machine models.

In 1968, the Federal Government issued a "Technical Instruction for
Providing Protection against Noise" (TA Larm) and this acquired great
importance in the abatement of industrial noise. The Technical Ins-
truction set out in detail the acoustic conditions on which the
competent authorities could license the establishment and operation of
noisy sites in any given area. The immission values named in the "TA
Larm" ranged from 3o dB(A) to 7o dB(A), and they were based on the
varying noise-abatement requirements in the environs of the specific
installations subject to authorization. The Technical Instruction
"TA Larm" soon became a general yardstick for measuring the
acceptability of noise. During the past 15 years, TA Ldrm and its
demanding immission values have exercised a considerable influence on
the containment of industrial noise: installations subject to
authorization may only be "set up and operated" where it cannot
endanger, substantially inconvenience or disturb the neighbourhood.
And what about the cost? The administrative expense involved in the
creation and application of TA LArm can hardly be assessed in
isolation - especially since the civil servants concerned have to be
paid in any case. A more serious matter is the question as to the cost
for industry, which repeatedly asserts that TA Larm is too demanding

and inimical to investment and therefore calls for a substantial
relaxation of the requirements. However, industrialists have never
submitted any precise data and TA turm has continued in force until
the present day.
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After approximately ten years of scientific and parliamentary

preparations, the Aircraft Noise Act (5) came into> force in 1971. On
the one hand, the new Law defined the obligations of airport operators,
aircraft operators and aircraft pilots to conduct their operations in

a manner calculated to protect people against the effects of air

traffic noise. On the other hand, the Law empowered the Federal
Minister of the Interior to stipulate noise protection areas, each

consisting of two protection zones, for about 45 civil and military
airfields used by jet aircraft. The determining criterion was to

consist in a future predictable level of noise exposure. In the noise
protection areas, there apply graded restricti-. os on structural use
depending on the degree of noise exposure: the owner of property has,
to a specified extent, a laim against the airport operator to

reimbursement of expenditure on structural sound insulation measures
of a certain quality. During the last few years, about 5o ministerial
orders have been enacted in amplification of the Aircraft Noise Act.
So far, over 4o areas have been designated as noise protection areas.

Moreover, it is possible to cite precise figures on the cost of the
measures adopted in connection with the Aircraft Noise Act. Up to the
end of 1982, the Federal Defense Ministry had paid over DM 22o millio.
to entitled local residents in respect of structural sound insulation
meacures for buildings in the noise protection areas of military air-

fields. As regards civil airfields (including those in West Berlin), a
total of DM 157 million was disbursed for this purpose. The Federal

Defense Ministry has spent over DM 18o million on the construction of
antinoise hangars at military airfields. The voluntary resettlement

of local residents at Pferdsfeld military airfield cost DM 80 million.
The civil airports had paid over DM 15o million by mid-1981 on various
measures relevant to noise control such as the purchase of particularly

affected real estate or the payment of premia to airlines for using

quieter aircraft. Altogether, this expenditure on protection against
aircraft noise amounts to over DM 74o million.

It is difficult to quantify the cost of the Aircraft Noise Act for
those citizens desirous of erecting residential premises on their land
in the noise protection areas, but who are not allowed to do so at all
in Zone 1 and only permitted to construct residences in Zone 2 if these

meet the specific sound-insulation standards. In 1976/77, the Federal
Environmental Agency put the additional expenditure on the prescribed
anti-noise protection in Zone 2 at 2.2 to 2.5% of the actual cons-

truction costs - a percentage which has meanwhile probably

decreased (6).

And what about the benefits conferred by all these measures? Today,

thousands and thousands of local residents at airfields live in sound-

insulated dwellings. Thanks to the anti-noise devices at military and
civil airfields, the testing of engines no longer poses a problem for

the neighbourhood. The noise protection areas inform the public about
the location and intensity of noise exposure: moreover, they prevent
any unrestrained erection of dwellings near to airfields and thus the

emergence of new problematic situations.

New buildings contain the prescribed anti-noise facilities from the
very beginning.

One of the priorities in the Federal Government's environmental poliuy



lies in the abatement of road traffic rwoise. The main concern is tu
ensure that motor vehicles become quieter. As a member of the EurPo,,i
Community, the Federai Republic cannot reduce the generally accepted
noise levels for motor vehicles uf her own accord. For this reason,
the Federal Government forwarded to thie EEC Commissiin a memorandum
(7) calling for a tightening ot ui~ifurm threshold values tnrough(ut
the European Community with effect from 1-)65 to between 75 and So

dB(A), depending on the type of mot, r vehicle concerned. At the
request of the EEC Commission, the committee of car miaufacturers in
the European Community (CCMC) expressed its views in July 1-ot. about
the presumable economic and tech nical consequences (8). According to
the CCMC's study, the purchase price for a passenger car with an
emission value of 75 dB(A) instead of the presently applicable
8o dB(A) would rise by 4 to lot whilst trucks and buses with o dB(A)
irstead of the presently applicable S-1 to 88 dB(A) would cost 5 to 12i
more - provided that the attainment of this figure was technically
feasible.

In some cases the vehicle manufacturers Daimler-Benz, Magirus-Deutz

and MAN have developed a whole series of different vehicles which meet
the German target figures for 1985. The higher price compared with the
louder versions will depend not only on the technical facilities
required, but also on 'the size of the productio n run i.e. to a large
extent on the demand. The Federal Government has refused to promote.
the sale of quieter vehicles by means of subsidies. However, it will
cooperate with local bodies in introducing "operational advantages"
for quieter vehicles pursuant to the Bad Reichenhall model. For
example, if trucks cannot be used in general pursuant to anti-noise
regulations, the quieter versions may be authorized as exceptions.

The Federal Government has commissioned a fairly large number of
studies on road-traffic ncise such as an examination of the acoustic

significance of different tyres arid road surfaces or the influence ,I
a driver's behavior on noise levels. it was revealed that the
difference between a driving style involving a low number of
revolutions in the engine and a "sporty" driving style can

substantially exceed lo dB(A). As an as yet uncompleted study of trucks
reveals, the driving style can result in a difference of between 5 and
6 dB(A). And what is the cost of such an impressive reduction in noac se
levels? Drivers must simply know of the facts and be prepared to behave
appropriately. The motivating of drivers is helped by the fact that
quieter driving usually signifies a saving of fuel during journeys.

Hence, this represents one of the few cases where environmentally
desirable behavior is directly rewarded in financial terms.

Even if the exacting German demands for a reduction in emission values
by 1985 were to be realized it would take 8 to lo years for the
complete reducing impact to take effect because of the service life ,f
motor vehicles. Furthermore, this reduction would by no means suffice
to render additional protection measures for roads arid buildings
entirely superfluous. In recognition of the inadequacy of a reduction
in emission values, the Federal Government presented the draft of a

"Traffic Noise Control Act" in Parliament in 1977 and this was then
enacted by the German Bundestag in amended form on 6.3.Ro (9). Under
this new Law, roads and railways must be planned in such a way as to
avoid traffic noise immissions as much as possible. The enacted draft

! ii



Law provided for immission threshold-values for the construction or
substantive modification of road or rail vehicles: depending Cn the

needs of the given area for anti-noise protection, these limits ringe
from 6o to 77 dB(A) by day and 5o and 67 dB(A) at night. If the noise
level of the prospective volume of traffic exceeds the threshold value,

then the responsible building authority (Federal Government, Land or
local authority) must adopt protective measures along the given route
by erecting an embankment, wall etc or else reimburse the proprietor

for his or her expenditure on structural anti-noise devices such as

indulated windows.

The draft Law also provided for a legal claim to noise abatement in

existing streets and roads where the immission threshold value exceeds

7o to 75 dB(A) per day or 6o to 65 dB(A) per night, depending on the

given district.

The draft Law did not gain the constitutionally required approval of
the Bundesrat, the chamber representing the Lander governments.
Although it did not become legally binding as a result of this, the

draft Law is widely construed in administrative practice as a criterion
for the requisite protection against noise. So for example 

2 3
,) million

DM were spent on noise protection at federal highways.

The benefit of these rules is clear to see. A salutary pressure is
exercised on the planners of traffic routes to lay them out in a
manner designed to afford protection against noise, since they
otherwise face the threat of having to bear the cost of anti-noise
measures. By the same token, private citizens either get a

satisfactorily located traffic route and protection against noise or
else at least the reimbursement of their expenditure on anti-noise
facilities.

As the draftLaw was being prepared, a vehement controversy arose about
the concomitant costs. In 198o, the German Bundestag reckoned with the

following yearly expenditure:

1. Federal Budget DM millions

Anti-noise measures for future roads 21o

Anti-noise measures for future federal
railroads 55

Anti-noise measures for existing roads 94

351)

2. LAnder Budgets

Anti-noise measures for future roads 36

Anti-noise measures for existing roads 38

74



3. ocal Authority Budgets

Anti-noise measures for future roads 44o

Anti-noise measures for future railroads 3

Anti-noise measures for existing roads 165

6o8

Parliament proceeded on the basis of a yearly volume of federal
investment in road-building of DM 4.5 billion and of local-authority
investment of DM 6 billion.

A more recent study (1o) on the cost of anti-noise measures for existing
roads has computed a reduction of approximately 5o% in the estimated
costs due to a more precise consideration of trucks' share of total
traffic volume with a concomitantly big impact on costs. This example
clearly demonstrates how problematic it can be to provide precise cost
estimates for anti-noise measures on the basis of predicted noise
exposure. However, such estimates may substantially influence political
decisions on the threshold values. In the present case, the difference
between the parliamentary assumptions and the latest findings amounts
to no less than DM 5 billion!

The Federal Environmental Agency made a computation in 1981 to show how
expensive and effective various anti-noise measures are along traffic
routes:
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Sound-proofed windows - depending on the chosen technical design and
the sound insulation - together with incidental expenditure cost
between DM 400 and DM 1,4oo per square meter as shown in the
illustration below:
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The benefits of noise research are difficult to quantify, although they
are surely of great value in the long run. During the years 1976 - Bo,
the public and private sectors spent about DM 15o million on noise
research in the Federal Republic of Germany: the funds disbursed by the
Ministry of the Interior trebled during this period and yielded major

results, not least in research on noise impact. (11).

3. Considerable scientific efforts hava been undertaken in the most recent
times to develop reliable methods for ascertaining the cost/benefit
ratio in noise control (12). This still. involves great difficulties.
Even the compilation of the probable costs inherent in an envisaged
noise-abatement measure presents problems, particularly since negative
effects of noise-control measures such as the impairment of the
landscapt by the erection of sound insulation walls or the diminution
in the passage of information caused by the installation of inrsulated
windows are difficult to quantify in money terms. A matter of even
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greater difficulty consists in the correct asessment of the benefits
of sound insulation measures in) general. In this case, it does nOt

suffice - as I have so far done in my paper - to iefer to all improved
situation expressed in dB(A). What we have to do is to indicate all
the quantifiable consequences of the measure such as changes in the
value of real estate, a reduction in the use of medicaments, the

duration ard nature of the hypertension avoided in this way, the
reduced expenditure on recuperative travel etc. In addition, we have to
take into consideration those perripheral effects of anti-noise measures
which cannot be quantified or to an imperfect degree only: examples of
this may be seen in the avoidance of reduced well-being, the lack of
any interruptions in communication, and the preservation of one's
accustomed residential habits.

Even though no satisfactory and universally valid method uf analyzilng
the costs and benefits of noise control has hitherto emerged, it is
nevertheless a great help to be able to use the available findings
(e.g. for the political implementation of anti-noise measures).

4. Let me now point out the main issues:

- Noise control is a political task of great significance, especially
in modern industrial societies.

- As the example of the Federal Republic of Germany shows, great efforts
have been untertaken in recent years at considerable expense to
diminish noise exposure.

- Although no satisfactory method of carrying out a cost/benefit

analysis of noise control has yet been devised, useful and
practicable beginnings in fact have been made irl tis directionl. Paral-

meters considered in the cost/benefit calculation that cannot (yet)
be quantified must not be neglected. They should be introduced into
the weighing process as unquantified but relevant factors.

- Noise control should start at the source. Here it is most effective.
The first step often is relatively cheap, whereas the following steps
are becoming increasingly more expensive.

- Measures at source cannot guarantee adequate noise control. The
economically reasonable solution is a combination of various measures

at source, during sound transmission, and at the place of exposure,
adapted to the requirements of the individual case.

- There exists a particualarly favorable cost/benefit ratio in
educating the people to handle their motor vehicles more carefully.
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v~oo Gierke , I. .

Air Force Aerospace Medical Research Laboratory, Wright-Patterson Air
Force base, Ohio USA

CONCLUSIONS

The excellent reviews of this session on noise abatement planning
and associated cost assessment together with some of the papers of the
introductory session are clear evidence that a considerable technology
base exists to t3ckle realistically and effectively this difficult prob-
Iem. Certainly the agreements on the approaches taken, the predictions
achieved and the remedies proposed by the various countries and inter-
national organizations far outweigh any shortcomings in methods and avail-
able data. The technical expertise to conduct such planning studies is
available and continuing collaboration between administrators and acous-
tical experts should guarantee, as demonstrated in our presentations, that
the results are obtained with the most appropriate and up-to-date methods.

Since many of the studies are either international from the start or
have indirect international effects agreement on or standardization of the
methods used is desirable and certainly adds to the acceptance of such
studies and of the abatement programs based on them. The proposal we
heard for the definition and units of noise exposure certainly adds to
this important area and should be more widely used. The concept is to
use linear units for cumulative noise exposure while retaining the famil-
iar logarithmic decibel for sound pressure level as measured with the
sound level meter. This proposal should appeal to both administrators and
the public; it makes the values for alternative sound exposures and addi-
tions of sound exposures easier to comprehend by removing the logarithmic
stumbling block and replacing it with conventional arithmetic quantities.
The discussion brought out our limited knowledge of the non-occupational
or leisure time noise exposure of individuals and populations and as a
result the uncertainty in the total noise exposure of individuals. Since
unfortunately in most countries occupational and non-occupational expo-
sures are under different regulatory as well as research jurisdiction, it
should probably be one of the most important research recommendations re-
sulting from this session to emphasize the study of the noise exposure
and of the resulting effects of leisure activities, at home, in neighbor-
hoods, in urban and touristic areas. And to study the effects of the total



24-hour noise environment on individuals. Another research area has been
mentioned several times at this session and at the congress in general:
the impact of the technical and demographic changes which we predict in
our planning studies, should be monitored by periodic surveys to verify
predictions and the effectiveness of program execution. It is this area
where we did not make the progress we had hoped for at the past congres'.
five years ago. The final message we hear loud and clear is the need
for dissemination of the predicted future changes, of the alternatives
and of the potential costs. As in most similar areas, early planning
and preventive measures are probably the most cost-effective, if not the
only practically affordable approach to the desired future. To have
support for such actions, it is of paramount importance to educate deci-
sion makers and the public of progress in the field and keep them informed
about the outcome of our studies, of the options and related costs for
influencing our environment of tomorrow.

I'
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BIOLOGICAL EFFECTS OF NOISE ON HEALTH-RESULTS AND INITIATIVES

OF FOURTH INTERNATIONAL CONGRESS ON NOISE AS A PUBLIC HEALTH

PROBLEM IN TORINO, ITALY, June 21 - 25, 1983

Jansen, G. (Past-Chairman of ICBEN)

Institute for Occupational Health. University of DUsseldorf,FRG

Since our last Congress in Freiburg, 1978, the situations

have changed and developed as a matter of course, in political

financial, and many other aspects. But the interesin questions

concerning noise effects is still the same, the number of par-

ticipants is kept constant (in Torino are even more attendees

than in Freiburg) and the scientific investigations are as nu-

merous as before. Concerning the quality of our results, which

have been presented in these days to the public, we have to

wait for and accept the assessment of those who need our data -

either for politcal or administrative activities.

As already practiced in Freiburg, the Commission was eager

to learn from political and administrative institutions their

policies and current activities in the noise fields, in order

to converge political-administrative needs and scientific in-

terests or possibilities. The great international institutions

(WHO, ILO and European Community) as well as some national au-

thorities (Italy, Netherlands, USA) told us their wishes for

their use, "We need simple but accurate prediction methods for

noise effects". From a scientific standpoint, we have to modify

this "contradictio in adjecto" into "as simple as even possible

and as accurate as necessary". Such a simple method is the mea-

surement of A-weighted noise; in the discussions of Team I
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(Noise-induced hearing loss) the participants raised the que-

stion if dB(A) is always justified: can it be used in noise

areas with impulsive noise or in surroundings with low fre-

quencies?

Other speakers pointed out, that occupational and public

health aspects are complementary, that goverments in free mar-

ket systems have to protect the noise exposed workers by legis-

lative and administrative rules - regardless of the costs.

"We are all responsible for the environment", and we want to

know the risks and exposure limits for groups; though the indi-

vidual is to be protected we are primarily interested in pre-

diction of noise induced hazards for greater parts of the popu-

lation. Other institutions told us that they want to have re-

sults from a comparable (but not identical) international work.

The fiscal austerities all over the world played an impor-

tant part in the speeches and discussions of the introductory

session. National and international bodies are concentrating

their funding to a few projects; they set priorities which ve-

ry often don't coincide with the imaginations of the scientists,

especially with the ideas of the members of INT. It is encoura-

ging to hear that in some countries priorities were fixed on

projects that were recommended by the Commission in 1978:

1) Noise and health (with respect to sensitive groups);
2) Noise and cardiovascular risk;

3) Noise and social behaviour.

The research should be done by epidemiological and experi-

mental means. Such decisions coincide with the requirements

that were postulated as results of the Freiburg Congress:

1) Health effects of noise, expecially on cardiovascular system;

2) Effects of noise on sleep;

3) Impulse noise induced health effects.

In Freiburg it was stated that many problems in noise induced
hearing loss were solved. There are still some detailed probhins



scientists should deal with but the listed problems have high

priority. One of the reasons of this is that the International

Standardization Organization is depending on recommendations of

INT from the results of noise effect research. ISO is standard-

izing measurement of noise with regard to noise reactions in

human beings whereas the maximum permissible values are due to

the national committees. So, international and interdisciplina-

ry studies, characterize the work of INT.

As Chairman Tobias in his introductory and opening speech

pointed out we are an association of multi-lingual groups of

noise effect researchers, as he himself demonstrated when gi-

ving the first part of his speech in the Italian language. I

was so much surprised that I asked myself if this congress

would be an congress of surprises. Now, at the end of the con-

gress I know, that it was not a congress of great steps, but

of a great numbers of small steps, but brought us a great step

forward, especially in such areas where I did not expect great

progress. This might be useful for those who need our results.

One requirement of the Freiburg conclusion was the solution

of the impulse effect problem. In the review of Team 1 it was

stated that the equivalent energy rule was proved only for con-

tinuous, high level noise, whereas impulse did not follow ex-

actly this rule. Therefore, additional suggestions of clarify-

ing the concepts of impulse and impulse-exposure arid to define

impulse as LApeak - LAX-1 5 dB(A). By this and other criteria of

impulse, background and mixed noise the impulse problem has

come to a solution.

Results of laboratory and field studies showed that impulse

noise is generally more detrimental to human beings than conti-

nuous noise. Examinations of stapedius reflex amplitude can ex-

plain this partially. This amplitude is not depending on energy

but on time pattern, e.g. decisive is the energy that can reach

the inner ear.



Besides the discussions of impulse noise load another pro-

blem was "noise susceptibility". Still unsolved is the question

if young ears are more susceptible to noise or not;another pro-

blem is the question if high blood pressure is a prerogative

of loss of hearing accuity or not. Longitudinal studies in

this and other fields are urgent and necessary.

A great deal of papers and discussions were devoted to high

frequency audiometry as a prediction method for a hearing loss.

Animal experiments and toxicological tests (with Streptomycin)

showed on early hearing loss in the very high frequencies above

8 kHz. Summarizing, it only seems to be clear that noise sus-

ceptibility tests by means of high frequency audiometry should

be investigated further on.

Other communications dealt with socioeconomic factors as co-

variates of hearing loss, with biochemical parameters (Mg, in-

creasing catecholamines etc.) influencing development of hea-

ring loss, and with hearing conservation programs. The latter

ones did not prove as effective as they were supposed so that

a requirement for the future is to be seen in developing new

"hearing conservation strategies".

During Team 1 session it was reported that within a 6 years

longitudinal study at Fels College/USA boys had a better hea-

ring than girls up to an age of fourteen years and then it tur-

ned. The question is raised whether it isa genetically or an

environmentally conditioned factor. Due to financial restric-

tions, the study was ceased. ICBEN should try ro reactivate

this study.

The last communication of Team 1 dea]l+ with the restitution

of the hearing after long-term noise load. In evaluating 10

research papers it was conluded that reactivation follows not

a linear regression but shows an asymptotic approach after a re-

stitution-plateau between 0.5hrs. and 4 hrs. I wonder,whether this

j ."



might lead - regarding individual variances - to susceptibility test?

Team 7 (Noise and Animals) gave a review of literature du-

ring the last five years. It showed the great difficulties to

quantify the functional disturbances and the lasting, harmful

effects, as well as the behaviour of wild living animals. So,

a lack of information is still existing and most of the species

cannot be assessed concerning the noise effects. Tests with

caged animals are problematic and don't give, in most cases,

valid data for the assessment of noise induced danger for wild

living animals.

Observation of certain species, such as flamingos in Sou-

thern France, reindeer in Scandinavia and others, show us that

most animals don't take notice of the noise but of the man.

Therefore, Team 7 proposes to study:

1) individual groups of animals,

2) hearing sensitivity and environment,

3) combined stress reactions,

4) acute reactions and chronic changes, and

5) field vs. laboratory studies.

Team 4. In the team "Influence of Noise on Performance and

Behaviour" several authors who contributed results during the

last five years were present at the congress. Thus the contri-

butions given dealt with

1) noise induced arousal reactions,

2) sensitivity tests,

3) relations between noise and internal speech

a) in perceptual respects

b) on memory

4) strategy-dependance of noise effects.

According to the reviewer the progress in these fields were

greater than in the times between, i.e. before the two prece-

ding congresses in Dubrovnik and Freiburg.



The reported investigations dealt with circadian rhythm

and noise-induced arousal, with the inversed u-relation betweer.

performance and arousal, and with the differentiating of arou-

sal in higher and lower functions. Concerning high meaning-

less vs. low meaningful noise the results showed stronger ef-

fects of the meaningful noise in mental tasks. On the other

hand other factors than noise (e.g. unfamiliar speech) affect

performance and memory more.

Other important results seem to be influenced by attitude,

motivation, and attribuation. In addition to this, an antici-

pating noise exposure is influencing the aftereffects of nois(4

e.g. the thinking about noise is directing the aftereffects, not

only behaviour but aftereffects-performance in the same way.

Order and location (for instance of numbers or words) in

tests are differently influenced by noises. Normally the order

is the more important factor but when location is emphasized

noise is stronger in its effect. Besides this there are factors

like appearance, attractiveness etc. that play a roll as well

as numerous carry-over results affect later performance. It was

found out that complex control processes govern task perfor-

mance and that noise influences these control processes. Com-

bined stimuli, noise and vibration, are influencing mental and

trading performance differently; single vibration application

and single noise application lead to clear, dose-dependinq re-

sults. But the combination vibration - 100 dB(A) and

vibration - 65 dB(A)

showed less effects in the louder combination. The contradic-

tory results of some authors were explained by "side effects"

like sex, arousal, daytime etc. A further result should be

mentioned: a comp"-x mental task showed subjects with corona-

ry heart diseases more sensitive to noise than other healthy

people.

In total we saw a lot of progress in this team concerninq
the activities and scientific results. On the other hand rost



of the research was done experimentally inthe laboratory. What
now seems to be necessary is the combination of experimental

laboratory and emidemiolgical field (practical) Studies.

Research on extraaural effects of noise got essential im-

pulses from the Freiburg Congress 1978. The literature review

refered to publications dealing with various vegetative reac-

tions and with biochemical effects of noise. Most of these

studies were carried out under laboratory condition, but a

greater number of them considered the Freiburg recommendations;

they planned multivariate tests and evaluated them by adequate

statistical methods. In some field studies multifactorial pat-

terns were applied. This refers especially to investigations

on effects of noise on critical groups which was another re-

commendation of the Freiburg congress.

Other publications dealt with mental health, neurovascular

disorders, mortality rates and effects of noise on cardiovas-

cular system. It should be mentioned, in addition, that one

investigation was reported to the audiance showing that risk

of noise can be assessed by use of multifactorial research de-

sign. This is only a first step but it should encourage the

scientists of Team 3 to cooperate more.

Special problems and the scientific approach to them were

shown when members of the team reported about the influence of

noise on pregnant animals and pregnant women. Mice reacted

less to noise than to other psychophysiolooical stress. Inve-

stigations in cardiac responses and in limb movements of human

fetuses with noise of 76 dB (over 800 Hz) showed reactions

which could not be classified as pathological findings but

gave strength to the hypothesis of an elementary fetal audito-

ry learning.

Investigation on noise and raised blood pressure were carried

out as well under laboratory condition as with workers in noisy

factories. Though there was a very small experimentally caused
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and noise-induced blood pressure increase, the field study

showed no significant effect. That is a typical situation for

the differences between laboratory and field studies.

We should be eager to use precise definitions and speak

only of physiological reactions which does not mean that these

reactions are harmful. Only if it is proved that these reac-

tions cause permanent functional disturbances with pathologi-

cal values (e.g. more than 155 mmHg permanent systolic blood

pressure) we are enabled to regard the noise influence as

harmful.

Due to the fact that Team 8 - dealing with'Tnvestigations

of noise and other agents" - was not represented on the congress

reports on infrasound and a review of last 5 years literature

on tnteractive noise effects were given in the session oT Team 3.

An investigation with longterm infrasound (20-3 Hz) from

70-125 dB did not produce nystagm or nausea. In combination

with traffic noise, however, psychic tension, fitness and mood

were changed. Infrasound was recognized as a non-specific

stressor.

The review of interactive effects referred to combinations

of noise with vibration, chemicals, smoking,thermal surroun-

dings, physical work etc. and the reactions that were raised

in the human body: biochemical changes, body temperature,

cardiovascular changes, discomfort feelings, changes in work

performance etc. Though some convincing results were reported.

I got the impression that we don't know very much in these

fields and that ICBEN should reinforce this team. Within the

future congresses the specialists in these fields should be

invited and requirements for research in this field should be

set up as all other teams did.

The session of Team 5 (Noise disturbed sleep) was introdu-

ced by a review, as usual. Some topics of the five years scien-



tific work were pointed out. Concerning the old question:

laboratory or home studies, it was stated that these could not

be opposed to each other but they correspond to each other.

It is a fact that medical complaints and drug consumption

are increasing in noisy environments during nights. Awakenings

are underestimated up to now concerning the possible harmful-

ness. Cardiovascular reactions do not habituate. Some popula-

tion groups are more sensitive to nightly noise, children

show a retarded falling asleep in noisy environment.

The single communications dealt with various questions. So,

EEG-data, performance on the next morning, and subjective

assessment showed for those people living in noisy environ-

ments for more than 4 years less Delta-sleep which might be

explained as an increasing sensitivity to noise. With the

same people increasing age, bad health, and noise suscepti-

bility tend to augment noise induced annoyance.

Intermittent noise is more disturbing than continuous noise

for the sleeper who might be ewakened already at peaks of

45 dB(A). In an other examination of physiological responses

to traffic noise the findings suggest that there is existing

a considerable adaptation to the continuous passage of vehic-

les during night. In a third paper dealing with this topic

the results showed that the middle part of the night is the

most sensitive part to noise; for airport noise a comparison

of heart rates of the same people in 1976 and 1982 showed no

influence though no habituation to the aircraft noise was seen.

In the center of the session stood the report of the Joint

European Sleep Study which had begun shortly before the

Freiburg congress. The results show during noisy nights less

REM-sleep and more wakefulness; after the noisy nights the

morning performances (reaction time tests) were reduced and

the subjects reported deteriorated sleep quality. The corre-

lation between mean heart rate/min. and heart rate variabili-

ty is higher for high peak sound levels.
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The authors gave as conclusions recommendations for the fu-

ture international research collaboration not only in sleep

fields. They have demonstrated an admirable joint work, never-

theless many questions remain open; I would have preferred

to have heard something about the assessment of their results

mainly if their findings could be regarded as harmful or

purely as reactions within a normal range.

Other papers dealt with benzodiazepines which showed mar-

ked and dose-dependant effects on electrophysiological and

cardiovascular responses to noise during night. Though the

effects on sleep stages are also significant this is only a

short-acting effect which is slowing down after the fourth

night.

Discussing and summing up the results of the team session

it has to be cleared in the future:

1) Is L the useful and adequate measure?

2) Critical groups have to be investigated which are parti-

culary sensitive to nightly occuring noise and

3) International cooperation has to be (re)inforced by adap-

ting minimum requirements and methods of recording and

evaluation.

In Team 2 (Noise and Communication) several reviews were

presented: for English, French, German and Slavic literature.

There is a lack of Eastern literature and of their findings and

knowledge. ICBEN should in my mind activate contacts to Ea-

stern scientists and institutions for a better exchange of

scientific results and cooperation. The work in the other

countries is still devoted to AI, STI, SPIN, and other evaba-

tion systems.

The invited papers dealt with special topics. So we lear-

ned that a speech level meter is going to be developed, that

STI is a good means for detecting speech intelligibility and
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can be made applicable to interfering noise, reverberation

and other types of disturbances, as well to normal hearing as

to hearing impaired persons and to various laguages. Speech

reception threshold for hearing impaired in different noise

levels is dependant on age. Noise and reverberation have to be

taken in account when assessing linguistically impaired liste-

ners. Finally an analysis of warning signals in civil aviation

was developed.

Discussing and summing up the contributions they resulted

in expressing the need for applying the knowlEdge we have up

to now. The relations between intelligibility and noise indu-

ced hearing loss should be studied as well as the relation

between speech communication and jobs. Moreover the role of

ear protectors in speech communication systems has to be de-

tected.

All the results and findings of the other teams converge in

a certain sense to the work of Team 6 (Community Response to
Noise). The review gave not only a survey on the topics dealt

with the last five years (like impulsive noise induced reac-

tions, traffic noise influence etc.) but showed us the lacks,

the missings of investigations in those fields that are get-

ting more and more into attention: helicopter noise, combined

noise and vibration load and its effects.

Several communications were devoted to aircraft noise and

its effects. It was stated that the stimulus in aircraft noise

is not a simple physical value but a combination of physical

and human factors that modify perception and response making

it unwanted, i.e. noise. The multiplications of the highest

number, the peak exposures and the daytime are making their

summary judgements of intermittent exposure; and at this factor

1/3 of the individual variance can be explained by the physi-

cal number and peak combination. By adding 3 of the human va-

riables fear of crashes



harmful health effect

readiness to complain

we increase the explained variance of annoyance to 2/3.

In other papers it was reported of methodological examina-

tions of noisiness functions and quantitative comparison pro-

cedures of different noise sources, on internationally coordi-

nated and cooperated laboratory and field studies which en-

abled the author, - though only preliminary results are avail-

able - to conclude that the 5 dB penalty of ISO 1996 concer-

ning impulse load is too moderate and should be between 9 and

13 dB according to their results.

Regarding road traffic noise, economic status and annoyance

as well as sleep disturbances it was found in a field study

that sleep disturbances began at L = 53 dB(A) , annoyance ateq

L = 63 dB(A) and changing of behaviour at L = 66 dB(Al.
eq eq

Discussing and summarizing the sessions work they gave re-

commandations resulting in a closer cooperation and coordina-

tion between the single teams of ICBEN (esp. teams 1 and 5)

and in promoting international co-work. Apart from this, sug-

gestions were made to develop better methods for scaling and

testing designs and for greater measurement precisions. Se-

condary analyses of former investigations should also be ta-

ken into account.

In the preceeding closing-session you just have heard the

contributions to noise reductions and its costs, so I need

not repeat their results. But you should allow me, finally,

to give a personal comment on the whole congress. The results

and initiatives of the Freiburq congress were successful con-

cerning the last five years work of ICBEN. Some participants

here in Torino told me that they were not so much contended

with the practical value of a lot of results, others were im-

pressed by the scientific work demonstrated here.
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I personally regard ICBEN and the work of INT as a plat-

form where science at its best an politics or/and administra-

tion can meet and exchange. The understanding for each other

will increase, lastly we all serve the human being to live

with dignity in an undestroyed and quiet environment. From

this standpoint of view this congress was a progress and my

personal thanks go to Prof. Rossi and his collaborators inclu-

ding the interpreter for his excellent organization and their

work. Thank you.
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CONCLUSIONS

Tobias, J.V.
Chairman, International Commission on Biological Effects of
Noise

Naval Submarine Medical Research Laboratory, Groton,
Connecticut, United States of America

In my preface to the Congress, I promised that I would

summarize the recommendations for the future that would arise

from discussions held by the eight International Noise Teams.

Let me keep that promise now.

Team 1: Noise-Induced Hearing Loss

Over the course of several meetings, the members of Team

1 created a list of recommendations for study during the next

several years. I have paraphrased the Team's conclusions

without, I hope, changing the content or the intent.

1. We must find an appropriate measure of exposure,

especially for impact and impulse noise. The eight-hour Leq

is not correct for all exposures; but it will continue to be

used, so correction factors need to be determined for a wide

range of sounds. Animal studies, done by cooperation among

laboratories, will help to shorten the time before we have

some answers, but research workers first need to agree on

which animal model to use, how to compute exposure, and how to
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measure damage.

2. High-frequency audiometry has some attractive features,

but conflicting evidence from cross-sectional studies demon-

strates that only longitudinal studies of industrial workers

and of appropriate controls are likely to lead to the valida-

tion of any test of susceptibility to noiso-induced damage to

the auditory system.

3. In addition, Team 1 believes several other problems

are important and solvable. They include: (1) the development

of normative data for high-frequency audiometry, (2) the study

of the relation between otological abnormalities and suscepti-

bility to noise-induced hearing loss, (3) determination of why

some hearing protectors are more consistently effective than

others, (4) the development of standard methods for evaluating

nonlinear hearing protectors, and (5) the study of hearing aids

for people with noise-induced hearing loss.

Team 2: Noise and Communication

Team 2, like Team 1 and all the other Teams, also met

several times to discuss current problems and to consider dir-

ections for work during the near future. Here is their list

of recommendations.

1. We need to encourage efforts to make our current

knowledge more generally available, especially to people who

design equipment and who design work- and living-spaces in

which communication is important.

2. We need to learn more about the relation between

decrements in hearing, including noise-induced hearing loss,

and decrements in the ability to understand speech.



3. We-need to make systematic definitions of the re-

quired degree of speech communication for various categories of

work.

4. We need to quantify the effects on speech-intelligi-

bility-in-noise of such things as non-native talkers, non-

native listeners, and the use of synthetic speech.

Team 3: Non-Auditory Physiological Effects Induced by Noise

Here are the suggestions from Team 3.

1. Methodological inadequacies can be prevented if we

develop a comprehensive model of sound as a physiological

stressor and if we set up new studies that include multifac-

torial designs and complete statistical analyses.

2. We must concentrate on a few topics for the time bein,

and especially on cardiovascular morbidity.

3. We must increase international cooperation.

4. We must give a high priority to longitudinal epidemio-

logical studies.

Team 4: Influence of Noise on Performance and Behavior

i. No single theory explains the effects of noise on be-

havior, so a multiple-theory research approach is recommended.

A promising theoretical approach views noise as a psychological

and physiological stressor. An amalgamation of theories into

a metatheory should help research producers and research users

to understand when each theoretical concept applies.

2. The meaning of a noise is probably based in individual

differences among listeners as well as in the social and phy-

sical context in which the noise appears. The information con-

tent needs to be assessed.



3. Studies need to be designed to measure effects of

noise on the underlying cognitive processes instead of just or

the tasks being performed.

4. We need to look at the ways in which subjects develop

stragegies for coping with short-term and long-term noise in-

terference and at the psychological and physiological costs of

these strategies.

5. Studies need to use real-world tasks, and laboratory

work ought to be complemented by field studies. Both kinds of

research should be broadened to include young and old subjects

as well as those in the center of the age range.

Team 5: Noise-Disturbed Sleep

1. Work on traffic noise must be continued, includina

the expansion of field studies that look at the influence of

changes in level.

2. Long-term health effects have to be determined.

3. We need to develop accurate predictors of sleep dis-

turbance based in the acoustic characteristics of the noise:

is the critical factor the noise level, the number or frequen-

cy of peaks, or some aspect of the sound that we have not yet

considered?

4. We need to look for countermeasures. Tne single

study of double windows must be replicated. The quieting cl

noise at the source has to be studied as does the smoothing

out of peaks.
Team 6: Community Response to Noise

i. In order to avoid the expensive duplication of re-

search and of facilities, joint and coordinated studies must



be encouraged. An extra benefit will be the combination ei

comparable data under a wider variety of conditions than could

be managed in a single study.

2. Team 6 recommends that Team 6 and Team 1 (and maybe

others) work together to develop a Total-Noise-Exposure Profile

so that hearing loss can be studied in the context of work +

nonwork exposures, and so that community noise can be studied

that way too.

3. We need to increase the precision and appropriateness

of our noise measurements and of our response measurements.

4. We have to use more sophisticated experimental designs

and to enter into longitudinal studies, which can also help us

to understand community reactions to noise-abatement proce-

dures.

5. We should encourage investigators to contribute data

to the data bank at the National Aeronautics and Space Admin-

istration's Langley Center in the United States and to use

that data bank in planning new studies.

Team 7: Noise and Animals

1. We ought to include acousticians, ethologists, and

psychologists on our research teams in order to improve the

quality of the research.

2. We should include experimental controls for the me-

chanical and human intrusions and manipulations used in animal

studies. For example, deafened animals can control for acous-

tic sensitivity and for noise effects in studies in which

noise is combined with other stressors. Studies of marine or-

ganisms particularly need careful controls.



3. Interactive eI f cts need to )u studi(.d furti-.r, r.:,t

only as they have been, but also with regard tc fwtQrs su

as metabolism, germs and viruses, and bioc.micais.

4. Because animal sensitivity is commonly ni.t the_

as jurs, noise surveys must include both infra- and ultra-

sound freouencies.

Team 8: Effects of Interactions Between Noise and/or Other

Physical and Chemical Agents

Only a little research has been done in this area recent-

ly, so the need is great.

1. Studies cf vibration must continue as must the studies

of interactions of noise and industrial chemicals.

2. We ought to start again looking seriously at stud is

of the interactive effects of common pharmaceutical agents

at the possibility of finding drugs that may inhibit the nox-

ious effects of noise.

Ad Hoc Team on Noise Policy

At this Congress, in a session organized by Commission

cochairman von Gierke, some of the more general issues facing

all of the International Noise Teams were discussed. The

group began by considering measurement problems, but as you

will see, they expanded well beyond that important beginning.

1. Better noise indicators and assessment methods are

certainly needed; in spite of that need, though, international

agreement on the best measures currently available is critical

to adequate planning and advocacy of noise reduction.

2. National and local noise-reduction plans must be

followed up at least as often as every ten years with studies



designed to validate planning tools and to meiasuru th* c .t,,c-

tiveness of actions and policies.

3. We must assess nd predict the impact of intornoatI-

al, national, and local noise situations by looking at der-

graphic and socioeconomic changes as well as at technicol

changes; planning and research may depend as much on the chair-

acter of new leisure-time noises as on modifications in indus-

trial technology.

4. Any improvement in the definition of the overall noise

climate or in changes in the noise climate requires a better

definition of the total exposure of individuals and populations

during both work and leisure activities.

Conclusions

Every one of the Teams is concerned with accurate and

appropriate measurement, with defining parameters, with adding

longitudinal studies, with broader cooperation among labora-

tories, among Teams, and among nations, and with being able to

predict the effects of a given kind and amount of noise on a

given population.

This handful of recommendations can be expected to pro-

duce global effects--and I use the word 'global" in both of

its major meanings: first, the effects will be far-reaching

and broad in scope, and second, they will be international in

influence.

We all look forward to a productive and effective effort

by scientists, by industrial workers and managers, and by

government officials and agencies during the next few years SC,

that in the Fifth Congress, we can show still more iroqress



toward the solution of our noise problems.
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FARF:WELL SPEECHt

G. Rossi

Department of Audiology, Turin University, Turin, Italy

Dear friends and colleagues, ladies and gentlemen,

Our congress is over. It is time for each of us to think over

what has been achieved so that a balance can be struck - of a pro-

visional nature at first, perhaps - in the expectation that time will

transform these first impressions into more fully considered con-

victions.

At present, therefore, I wish only to dwell not so much on an overall

evaluation of the scientific results that emerge from the papers and

the ensuing discussions, as on the significance this Congress enjoys

on both the national and the international level.

When I undertook to arrange this congress at Freiburg in 1978, public

opinion in Italy was beginning to devote to the question of noise

pollution that measure of attention the very vastness of the problem

deserves. For a variety of reasons it would be out of place to examine

here, this took place later than in other industrialised countries.

Nevertheless, the massive participation of persons from all over Italy

directly concerned with the solution of the scientific, theoretical



and practical questions associated with noise pollution enables me to

assert that even Italy is now taking notice of the problems it raises.

This observation is one that I wish to stress, since it is a source

of particular personal satisfaction.

On the international plane, there has emerged in all its broad signi-

ficance the importance of interdisciplinary cooperation and research

conducted by workers from different countries.

Particular reference may be made to what the European Economic Community

has been planning and putting into effect for several years. I look

forward to the possibility that this example may be quickly extended

to initiatives that may also be of interest to the developing countries,

for whom the approach of an industrialised society will pose the ne-

cessity of dealing with the question of noise pollution.

Before bringing these brief farewell remarks to a close, I should like

to address a common and sincere word of thanks to both the moderators,

speakers, and attendees and to all those who in their several ways

have made it possible to stage this Congress. Our gratitude is par-

ticularly directed to the firms that have taken part in the display of

scientific apparatus and equipment, my assistants at the Audiology

Department of the University of Turin, and the secretarial staff of

the C.S.A.O., for their long, silent but decisive collaboration.

There will certainly have been things that went wrong or were over-

looked - please accept my apologies for them. Yet at this moment I

draw consolation from the fact that we can assert that the engagement

or our goodwill has been both complete and total.

It is not yet possible to foresee what fruits will spring from this

congress, nor the practical benefits our society may draw from the

technical and scientific contribution made by the date we have been

presented. When a final balance can be drawn up, we shall certainly

realize that the days spent in this city, which has offered you a

heartfelt welcome, while they may not have provided definitive solutions
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for many of the problems associated with noise pollution, will indeed

have enabled the foundations for further progress to be laid.

If this is the case, and I am sure that it will be so, then we shall

have every right to feel proud and satisfied. The path before us is long,

difficult, and strewn with obstacles. Yet this itself should serve to

strengthen in each of us the will to persevere in our undertaking to

pave the way for a tomorrow which we hope to see our wish for progress

realized, without conflict, but indeed in harmony with an increasing

betterment of the conditions in which we live.

v'l
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